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The analysis  of  soc i e t a l  needs within the  context of  ear th  
resources i s  car r ied  out by the consideration of such world problems 
as pol lut ion,  energy resources, transportation, conservation, 
d i sa s t e r  detection, population density,  hunger, urban and rural 
land use,  l e g a l  and p o l i t i c a l  conf l ic t s ,  and educational methods 
as well as the  examination o f  such ex is t ing  desciplines as 
agricul ture ,  fores t ry ,  geology, geography, geodesy, cartography, 
oceanography, and hydrology, 
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i 4  
FOREWORD 
This document represents a s e r i e s  of supporting papers t h a t  
supplement the  f inal  report  on the  preliminary design of  an 
operational ear th  resources survey system, as prepared by the 
ASEE-NASA 1969 S m e r  Faculty Engineering Systems Design Group. 
These appendices formed the nucleus of the needs analysis  phase 
of the  summer study and r e f l e c t  t he  mult idiscipl inary approach 
of  the 20-man group of  s o c i a l  s c i e n t i s t s ,  physical  s c i e n t i s t s ,  
and engineers. 
10-man subgroups, cal led the AD group and the AE group, 
This needs analysis  phase was carr ied ou t  by two 
a )  Assignments t o  the AD and AE groups 
1. 
2. 
The Ad group was assigned the task o f  del ineat ing the 
soc ia l  and eaonomic problems per t inent  t o  the survival  
and progress o f  c i v i l i z a t i o n  i n  r e l a t ion  t o  t o t a l  
ear th  resources. More spec i f ica l ly ,  the group was 
expected t o  do a broad range invest igat ion of present 
and fu tu re  needs f o r  food ,  raw materials,  power, and 
conservation. During the preliminary phase, i t  was 
understood tha t  constraints  imposed by current  
technological l imi ta t ions  were t o  be ignored. 
The major charge of the AE group was t o  define the  
usefu l  appl icat ions and the measurement poten t ia l  of  
the  remote sensors; The group was instructed t h a t  
no f e a s i b i l i t y  constraints  should be imposed i n  t h i s  
i n i t i a l  phase and tha t  the usefu l  applications should 
not be r e s t r i c t ed  by user  d i sc ip l ines .  Two f a c t s  
soon became obvious: 
d i sc ip l ine  boundaries, and ( 2 )  ce r t a in  needs were 
shared by d isc ip l ines .  
group should be subdivided i n t o  f o u r  study groups. 
These groups were t o  invest igate  the needs from 
the  users '  viewpoint i n  the following areas:  
Agriculture and Forestry,  ( 2 )  Geology, Cartography, 
Geography and Geodetics, (3) Oceanography and 
Hydrology, and (4) Land Use, Urban Development and 
Population Density 
(1) basic  needs crossed 
It was thus decided t h a t  the 
(1) 
b) Methods of Organization of  AD and AE groups 
1. During t h i s  preliminary s tage o f  needs analysis,  
l i t t l e  o r  no organizational s t ruc ture  was imposed 
upon the AD group. 
1eng thyLi s t  of spec i f i c  problem areas and needs were 
enumerated. Recognizing t h a t  some problems f a l l  
within the content area o f  two or more d isc ip l ines  
and t h a t  other problems are  not studied thoroughly by 
Through group discussion a 
i v  
any recognized d isc ip l ine ,  the  group chose t o  
organize i t s  work from a problematic ra ther  than a 
d isc ip l inary  viewpoint. 
a s e r i e s  of categories and assignments f o r  more 
de ta i led  invest igat ions agreed upon, 
two persons were assigned the  task of  developing 
a systems analysis design based on a global ecological 
model, Another member of  the group wrote a paper 
questioning the legitimacy of  addi t ional  data 
co l lec t ion  i n  f ace  of the f a c t  t ha t  many soc ie t a l  
problems remain unsolved even when adequate data 
i s  avai lable .  
Problems were grouped in to  
For example, 
2 ,  I n  an attempt t o  consolidate the A33 group e f f o r t s ,  i t  
was decided tha t  the r e s u l t s  should be compiled i n  
a somewhat standard out l ine  format .  This ou t l ine  was 
t o  cohtain the  following information: (1) General 
d i sc ip l ine ,  ( 2 )  General needs, (3) Specif ic  needs 
and (4) Parameters t o  be measured. 
ins t ruc ted  t o  take note o f  the u s e r ’ s  resolut ion 
requirements necessary t o  s a t i s f y  each need. These 
resolut ion requirements were t o  include, ,if possible,  
an estimate of  the  minimum resolut ion required t o  
s a t i s f y  the user  need. 
was ins t ruc ted  t o  became enlightened as t o  the 
terminology, instrument types and t h e i r  operation. 
Upon completion of the above task,  the group was 
redivided in to  subgroups. Each was charged with the 
t a s k  o f  invest igat ing a pa r t i cu la r  instrument 
o r  group of instruments f o r  the  purpose o f  determining 
t h e i r  technological s t a t e  o f  t he  a r t  and t h e i r  
fu tu re  capab i l i t i e s .  
Each group was 
Each member of the subgroups 
v 
Appendix A - 1  
POLLUTION 
A - 1  1 I n t r o d u c t i o n  
A i r  p o l l u t i o n  and water  p o l l u t i o n  can be regarde.d 
a s  two broad c a t e g o r i e s  of environmental  contaminat ion,  
w i t h  l a n d  p o l l u t i o n  f a l l i n g  under b o t h  of  t hese .  I t  i s  
commonly known t h a t  much o f  t he  a i r  and water  o f  t h e  
world! s i n d u s t r i a l  environment i s  p o l l u t e d ,  b u t  the 
e x t e n t  and long  range i m p l i c a t i o n s  of  this i s  n o t  widely 
a p p r e c i a t e d .  
A-1.2 A i r  P o l l u t i o n  
The tremendous i n c r e a s e  i n  world popu la t ion  t o -  
g e t h e r  w i t h  i n c r e a s i n g  l o n g e v i t y  and a g e n e r a l l y  h i g h e r  
s t a n d a r d  o f  l i v i n g  have gene ra t ed  p r e s s u r e  f o r  c l e a n e r  
a i r ,  Beyond t h a t  however, t h e r e  a r e  l o n g e r  range con- 
s i d e r a t i o n s  p e r t i n e n t  t o  t h e  atmospheric  gas c o n s t i t u e n t s  
having t o  do w i t h  oxygen and carbon d iox ide .  The oxygen 
i n  our  atmosphere i s  n o t  a permanent f e a t u r e ,  b u t  i s  
r a t h e r  t h e  r e s u l t  of a d e l i c a t e  ba l ance  between i t s  r e -  
l e a s e  i n  the  p h o t o s y n t h e t i c  p rocess  and i t s  removal by 
an imals ,  by combustion, and by the slow o x i d a t i o n  of 
m k e r a l s  on the  e a r t h ' s  s u r f a c e .  
Energy conversion h a s  c e r t a i n  m a t e r i a l s  by-products ,  
which i n  s u f f i c i e n t  c o n c e n t r a t i o n s  t o  become tr uble-  
some t o  man, a r e  c l a s s i f i e d  a s  " a i r  po l lu t ion . " '  The 
carbon d iox ide  by-product of t h e  combustion of  c o a l ,  
o i l ,  g a s ,  e t c .  h a s  g r a d u a l l y  r a i s e d  t h e  g e n e r a l  l e v e l  
of carbon d iox ide  i n  t h e  atmosphere t o  about  5% over  t h e  
c o n c e n t r a t i o n  many y e a r s  ago. ( C O ~  r e p r e s e n t s  e a .  0.32% 
of  t h e  atmosphere.)  A cont inued  Ifncrease i n  t h r c a r b o n  
d iox ide  of t h e  atmosphere ( t h e  greenhouse p r o j e c t )  could 
a f f e c t  the g l o b a l  c l i m a t e  t o  t h e  e x t e n t  t h a t  t h e  i n -  
c r e a s i n g  temperature  could  me l t  t h e  p o l a r  i ce -caps  , t h e r e -  
by de luging  c o n t i n e n t a l  c o a s t a l  a r e a s  w i t h  t he  d e s t r u c t i o n  
of  l i v e s ,  c i t i e s ,  and bad ly  needed l a n d  over this a l -  
ready  crowded p l a n e t .  The C02 c o n t e n t  i n  the  atmosphere 
i s  checked by pho tosyn thes i s  and by i t s  r a t e  o f  s o l u t i o n  
i n t o  the  oceans.  P a r t i c u l a t e  m a t t e r  f r o m  the  burning of  
f u e l s  and vo lcan ic  e r u p t i o n s  e t c ,  t ends  t o  cause a coo l ing  
1. See B-1 ,  I t em 1, pp. 24-25. 
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e f f e c t  i n  the  atmosphere by d i f f u s i n g  the  incoming s o l a r  
r a d i a t i o n  
Much more informat ion  i s  needed on this me teo ro log ica l  
problem i n  o r d e r  t o  a s s e s s  what remedies a r e  r e q u i r e d .  
Cons iderable  work h a s  been done w i t h  r e s p e c t  t o  c e r t a i n  
r e g i o n a l  a r e a s  of t he  g lobe ,  b u t  l e s s  i s  known about  
the  l a r g e - s c a l e  p o l l u t i o n  r a t e s  of t he  atmosphere. 
A i r  p o l l u t i o n  h a s  e f f e c t s  bo th  on t h e  s h o r t  and 
long-range h e a l t h  of humans a s  w e l l  a s  o t h e r  l i v i n g  
organisms and e c o l o g i c a l  b a l a n c e s .  Acute ep isodes  of 
excess ive  a i r  p o l l u t i o n  a f f e c t  i n d i v i d u a l s  and smal l  groups 
by i l l n e s s  or d e a t h  f r o m  exposure t o  t o x i c  fumes, vapors ,  
p e s t i c i d e  a e r o s a l s ,  smoke o r  h i g h  concen t r a t ions  of d u s t .  
Community a i r  p o l l u t i o n  c a t a s t r o p h e s  may be caused by  
a combination of  s t a g n a n t  a i r ,  f o g ,  temperature  i n v e r -  
s i o n  coupled w i t h  unusua l ly  l a r g e  amounts of  o r d i n a r y  
c ombus t ion-pr  o due ed a tmo spher  i c p o l l u t a n t s  which sen- 
s i t i z e s  the  p o p u l a t i o n s  l tmg t i s s u e  thus  r e s u l t i n g  i n  a 
h i g h  inc idence  of c e r t a i n  communicable d i s e a s e s  such a s  
t u b e r c u l o s i s ,  inflUe’W@~: and t h e  common co ld  which a r e  
t r a n s m i t t e d  by a i r b o r n  microorganisms. 
Pro longed  exposure t o  o r d i n a r y  r e l a t i v e l y  l o w  l e v e l s  
of urban a i r  p o l l u t i o n  h a s  n o t  y e t  been shown t o  have un- 
f a v o r a b l e  e f f e c t s  on human h e a l t h ;  for example, t h e r e  h a s  
t o  d a t e  been n o  d e f i n i t e  c o r r e l a t i o n  o f  lung  cancer  
i nc idence  w i t h  o r d i n a r y  urban a i r  p o l l u t i o n .  However, 
urban a i r  p o l l u t i o n  can aggrava te  asthma, and some o t h e r  
ch ron ic  r e s p i r a  o r y  i l l n e s s e s  and can cause t r a n s i e n t  
eye i n f e c  t i o n s  e 5 
The A i r  Conserva t ion  Commission o f  t h e  American 
Assoc ia t ion  for t h e  Advancement of  Sc ience  h a s  i d e n t i f i e d  
t h r e e  basiG assumptions t h a t  a r e  e s s e n t i a l  for any 
r a t i o n a l  c o n s i d e r a t i o n  of t h e  a i r  p o l l u t i o n  problem: 3 
1. A i r  i s  i n  the  p u b l i c  domain. This exc ludes  
p u b l i c  i n d i v i d u a l s  ownership of t h e  f lowing 
a i r  above a man’s p r o p e r t y  and thus  l i m i t s  
h is  freedom i n  us ing  i t .  
2. A i r  D o l l u t i o n  i s  an  i n e v i t a b l e  concomitant 
2 .  See B - 1 ,  I t em 5. 
3.  See B - 1 ,  I tem 1. 
3 
b 
o f  modern l i f e .  T h i s  c a l l s  for sys t ema t i c  
p o l i c i e s  and programs t o  conserve t h e  
atmosphere for i t s  most e s s e n t i a l  b i o l o g i c a l  
f u n c t i o n  e 
3. S c i e n t i f i c  knowledge can be a p p l i e d  t o  t h e  
shaping of p u b l i c  p o l i c z o  We must cont inue  
t o  o b t a i n  in fo rma t ion  about  the sources  and 
e f f e c t s  of a i r  p o l l u t i o n  and t o  develop and 
improve c o n t r o l  dev ices .  
A - 1 . 3  Water Po lau t ion  
The a s p e c t s  of  water  p o l l u t i o n  a r e  s o  complicated 
and i n t e r r e l a t e d ,  i t  i s  d i f f i c u l t  t o  c l e a r l y  d e l i n e a t e  
any one a r e a  which i s  more impor t an t  than  ano the r .  One 
approach i t o  cons ide r  the fo l lowing  parameters  of  
p o l l u t i o n .  6 
1 e P h y s i c a l  e These paramebers i n c l u d e  c o l o r  o d o r ,  
p a r t i c u l a t e  mabter c o n t e n t  (which may f l o a t ,  
s e t t l e  o r  be in t e rminab ly  suspended) ,  t r a n s -  
parency,  s a l i n i t y ,  and tempera ture ,  They a l s o  
embrace d e n s i t y  and s t a b i l i t y ,  which a r e  func-  
t i o n s  of temperature  and s a l i n i t y ,  p l u s  h y d r a u l i c  
c h a r a c t e r i s t i c s .  
2 .  Chemical. I t  would be a monumental t a s k  t o  
t a b u l a t e  and c l a s s i f y  a l l  chemical contaminants 
i n  t h e  wa te r .  However, the  fo l lowing  chemical 
parameters  may be used t o  a s s e s s  the  impact 
of  p o t e n t i a l  p o l l u t a n t s :  
a )  hydrogen i o n  c o n c e n t r a t i o n  
b )  d i s s o l v e d  g a s e s ,  e s p e c i a l l y  02 and C 0 2  
e )  c h l o r i n i t y  
d )  n i t r o g e n  a n a l y s e s ,  i . e .  ammonia, n i t r i t e s ,  
and n i t r a t e s  
e )  o rgan ic  carbon 
f )  biochemical  oxygen demand 
g )  n u t r i e n t  e lements ,  e s p e c i a l l y  phosphates  
s i l i c a t e s ,  and n i t r o g e n  compounds. 
h )  heavy m e t a l s ,  i n  p a r t i c u l a r  copper,  l e a d ,  
n i c k e l ,  cadrniun, and chromuim e s p e c i a l l y  
where i n d u s t r i a l  wastes  a r e  involved.  
i) o i l y  subs t ances ,  i , -e .  hydrocarbons and f a t s  
j )  t r a c e  o r g a n i c s ,  e .g .  p e s t i c i d e s ,  h e r b i c i d e s ,  
~ 
4. See B-1 ,  I t em 2 ,  pp. 262-264. 
4 
d e t e r g e n t s  and s u l f i t e  waste  l i q u o r ,  
3 .  
4. 
The 
B i o l o g i c a l ,  Enumeration of t h e  p r i n c i p a l  
s p e c i e s  of p l a n k t o n ,  s t a t i s t i c s  on f i sh  c a t c h e s ,  
c i l i f o r m  organisms and p o s s i b l y  o ther  b a c t e r i a ,  
and the  de t e rmina t ion  of primary p r o d u c t i v i t y .  
. Determinat ion of g r o s s  r a d i o -  
a c t i v i t y  of p lank ton ,  F i s h ,  a t t a c h e d  a l g a e ,  
benchic  an ima l s ,  and e s p e c i a l l y  shel l f ish.  
For  example, i t  may be prudent  t o  determine 
t h e  a c t i v i t y  of s p e c i f i c  r a d i o  n u c l i d e s  i n  
o y s t e r s  e 
e f f e c t s  of water -  and a i r -bo rne  p o l l u t a n t s  on 
h e a l t h  a r e  p r e s e n t l y  be ing  s t u d i e d .  
e f f e c t s  of  water-borne p o l l u t a n t s  on human h e a l t h  may 
a r i s e  f r o m  such  widely s e p a r a t e d  mechanisms a s  the  t r a n s -  
p o r t  of  i n f e c t i o u s  h e p a t i t i s  by contaminated s h e l l f i s h  
t o  t h e  bui ld-up o f  DDT ( p r e s e n t l y  a t  0 . 1  gram p e r  p e r -  
son i n  USA) by the  use of p e s t i c i d e s  and h e r b i c i d e s .  
However, the  i n d i r e c t  e f f e c t s  of p o l l u t i o n  on o t h e r  l i v -  
i ng  organisms by way of  t he  u p s e t  of  e c o l o g i c a l  ba l ances .  
There a r e  many w e l l  known cases  of p o l l u t i o n  caused 
t r a n s i e n t s  i n  the  e c o l o g i c a l  ba lance  which have pro-  
paga ted  u n d e s i r a b l e  r e s u l t s  t o  t h e  human organism. 
The immediate 
As an example, cons ide r  the  e f f e c t  of t he  dumping 
of raw domestic sewage i n t o  a s t ream on i t s  b i o t i c  . . 
s t a t e .  Gene ra l ly ,  f i sh  and the  organism they f e e d  on 
may be r e p l a c e d  by a dominating horde of animals such 
a s  mosquito w r i g g l s r s  bloodworms, s ludge  wo:ms, r a t -  
t a i l e d  maggots and l e e c h e s .  Black-colored g e l a t i n o u s  
a l g a e  may cover t h e  s ludge  and, a s  bo th  r o t ,  f o u l  
o d o r s  emerge from the  water .  T h i s  b i o t i c  p i c t u r e  
emphasizes t h a t  p o l l u t i o n  i s  j u s t  a s  e f f e c t i v e  a s  d r o  g h t  
i n  reducing  t h e  u t i l i t y  of a va luab le  water  r e source .  ! 
The e f f e c t  of such a dump on d i s s o l v e d  oxygen, t he  
r e a e r a t i o n  r a t e  and the  biochemical  oxygen demand on 
the  environment i s  shown i n  F igures  A - l e l  and A-1.2. 




Fig .  A - 1 . 1  Assumptions i n  a hypothetical  pol lut ion case a r e  
a stream flow of 100 c f s ,  a discharge of  raw sewage from 
a community o f  40,000 and a water temperature of ? P C ,  
with typ ica l  va r i a t ion  of dissolved oxygen and BOD. 
Bartsch and Ingram, 195’9. 
After 
I 1 
Fig .  A-1.3 The dissolved oxygen concentralion i n  the stream 
is  p a r t i a l l y  destroyed by the  pol lu t ion  load,  
deolet ion i s  avoided by r eae ra t ion  processes. After 
Bartsch and Ingram, 1959. 
Full 
The dissolved oxygen fluctuates according to 
the available light and the temperature and thus these 
6 
curves  must be regarded  a s  s imply t y p i c a l .  The growth 
of sewage moulds and a l g a e  i s  shown i n  F i g u r e  A-1.3, 
w r  
I 
8 7 
Fig.  A-1.3 Short ly  a f t e r  sewage discharge, the moulds show 
maximum growth. 
pos i t ion  shown i n  the  lower curve. 
composed gradually; a s  conditions c l ea r  up, algae ga in  
a foothold and rnultioly. After Bartsch and Ingram, 1959 
These a r e  associated with sludge de- 
The sludge i s  de- 
R o t i f e r s  and c rus t aceans  a s  f i sh  food  evolved 
a f t e r  the growth of sewage b a c t e r i a  and c i l i a t e s  a s  
shown i n  F i g u r e  A-1.4. These f i g u r e s  g i v e  a quick  
i d e a  of t he  n a t u r e  and d u r a t i o n  of s t ream recovery  
from sewage p o l l u t i o n .  
The i m p l i c a t i o n s  of t hese  b i o l o g i c a l  t r a n s i e n t s  
can be seen  by n o t i n g  t h a t  2/3 of U. S. popu la t ion  i s  
se rved  by domestic <ewers. Sewage from about  one 
tenth of these people  i s  d i scha rged  raw and t h a t  from 
more than  ano the r  q u a r t e r  a f t e r  on ly  pr imary t r e a t -  
ment * 
7 
Fig. A - l . b  Bacteria th r ive  and f i n a l l y  become prey of  the 
c i l i a t e s ,  which then become food f o r  the r o t i f e r s  and 
crustaceans . After Bartsch and Ingram, 1959 ., 
Other s p e c i f i c  s t u d i e s  have been c a r r i e d  o u t  on 
many f o r m s  of p o l l u t i o n ,  i n c l u d i n g  r a d i o a c t i v e  and pes-  
t i c i d e  p o l l u t i o n .  I n  these  two p a r t i c u l a r  c a s e s ,  much 
more i n fo rma t ion  i s  needed t o  determine t h e  long  range 
e f f e c t s  o f  t he  p o l l u t i o n .  The thermal  p o l l u t i o n  of  
marine environments by heavy i n d u s t r i a l  waste  e f f l u e n t s  
and n u c l e a r  power p l a n t s  coo l ing  waters  i s  becoming of  
increasdng concern t o  marine e c o l o g i s t s .  
should  b r i e f l y  be mentioned such a s  t h e  unpleasant  odor 
of a r e n d e r i n g  p l a n t ,  the n o i s e  o f  a j e t  a i r p l a n e  o r  a 
n e i g h b o r ' s  t r a n s i s t o r  r a d i o ,  d i s o r d e r l y  jumbles of a u t o  
h u l k s ,  and u n s i g h t l y  t r a s h  i n  a dump. These common 
forms of s enso ry  and a e s t h e t i c  p o l l u t i o n s  may t u r n  o u t  
t o  be minor indeed  i n  comparison t o  the l a r g e  s c a l e ,  
l ong  t e r m  forms p r e v i o u s l y  mentioned. 
Other common 'Tcontaminat ions"  of our environment 





A-2.1  Introduction 
It seems t o  be a consensus among pro jec t ion is t s  t ha t  by 
the  year 2000, o i l  and gas w i l l  continue t o  supply most of the  
energy required by the United Skates. 
1 
:'.the t o t a l  energy supply picture  w i l l  probably look about l i k e  
t h i s :  domestic crude o i l  supplies adequate u n t i l  around 1980, 
with a l i k e l y  t ightening of  domestic supplies i n  the l a t t e r  half  
o f  t he  century; foreign sources of  o i l  adequate t o  provide a 
much l a rge r  proportion o f  cmde o i l  than i s  now impurted; coa l  a s  
a comfortable cushion; shale  oil as a supplement l a t e r  i n  the  
centmy; demand f o r  natural  gas approaching domestic resource 
limits well before 2000, but with the safe ty  f ac to r  of possible 
gas imports and the l i k e l y  emergence of synthet ic  gas l a t e  i n  
the  century; more than enough na tura l  gas l iqu ids  t d  meet growing 
demand, especial ly  a s  raw mater ia l  f o r  the  chemical industry:  
hydropower, a declining energy source; nuclear f i s s ion ,  a 
growing energy source, r e s t ing  on current U.S. uranium reserves 
tha t ,  with expected improvements i n  reactor  effieiency, should 
see u s  through t o  the end of  the century and beyond. 
According t o  a report  by Resources f o r  the  Future, Inc. ,  
Again, 
A-2.2 Types of Energy Resources 
The past ,  present, and fu ture  energy uses ' a r e  shown i n  
Fig. A-2.1. It i s  seen t h a t  i n  the remainder of t h i s  century, o i l  
and na tura l  gas w i l l  provide a projected 65% of  a l l  the  energy 
requirements of the  U,S. coal, na tura l  gas l iqu ids ,  hydroelectric,  
and nuclear energy w i l l  probably make-up the r e s t  o f  the need, 
with more exot ic  energy sources such as so la r  energy, geothermal 
power, and wind power coming i n t o  wider use toward the  end of  
the century. 
These projections r e  very t en ta t ive  and could change 
measurably under the  influence o f  environmental and p o l i t i c a l  
s t r e s ses  of  various types. Si tuat ions can eas i ly  be imagined 
where predominatly nuclear and exot ic  energy sources may be 
necessary by the end of the century. 
~~ ~~ 
1 
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Fig. A - 2 . 1  Pas t  and projected energy use. A f  ' t e r  Landsberg, 
The changirig pa t te rns  of sources f o r  a l lxmergy  a r e  shown in 
Figure A-2.2, again showing the  expected predominance of oil and 
na tu ra l  gas; the  decline i n  the  use o f  coal in the remainder of  the  
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Fig,  A-3.3 The changing pa t te rn  o f  sources f o r  all energy. 
After  Landsberg, 1964. 
A-2.3 Projections o f  Uses of  Energy 
The loca t ion  of the proved world o i l  reserves a s  compared t o  
1937 and 1960 i s  shown in Figure 2.3. 
Eastern o i l  f i e l d s  and the decl ine in the r e l a t i v e  percentage 
the  proven reserves o f  United S ta t e s  i s  shown dramatically.  
projected demand f o r  domestic o i l  versus the estimated recoverable 
supply is shown i n  Figure A-2,4.  
projected demand w i l l  not exceed the recoverable reserves by the  
end o f  the  century, it should be pointed o u t  that (1) the 
recoverable reserves f igu res  a r e  based on the  assumption of both 
economic and technological p r a c t i c a b i l i t y  o f  obtaining these 
f igures ,  and ( 2 )  t h a t  s t r ingen t  domestic resource requirements, 
such as prolonged wartime needs, do not exceed the!projected 
f i g u r e s  
The development of  the Niddle 
The 
Although it appears t h a t  the 
A similar char t  f o r  na tura l  gas project ions is  shown ... i n  Fig .  A-2.5. 
I d  be noted t h a t  if the  underdeveloped nations should sud- 
denly start consuming energy a t  a per  capi ta  r a t e  one-haif that of  
the U S .  i n  1960, the  proven reserves o f  gas and o i l  would be 
consuned in about three years.  Use of shales  e t c .  would only 




Fig. A-2.3 Location of world's  proved reserves of  crude o i l ,  1937 and 
1960, After Landsberg, 1964, 
Fig.  A-2.4 ProjecLed demand f o r  domestic oil versus estimated 
recoverable s u p d i e s  i n  t.he United S t a t e s ,  
berg,  1964. 
After Lands- 
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Fig. A - 3 . 5 . 2  How demand f o r  na tu ra l  gas compares with the 
estimated recoverable supplies i n  United S ta tes .  
Landsberg, 196L. 
After  
A-2.4 Other Factors 
Obviously, m a n y  of these numbers depend upon projected 
technological innovations, economic f e a s i b i l i t y ,  e t c .  However, 
other s ide  e f fec ts  may have t o  be considered. 
has been estimated that if the  m a t e  o f  burning conventional 
fue3,s continues t o  increase by a f a c t o r  of  2 each t en  years,  
t he  r e s u l t  would be that by the end of the century there  w i l l  be 
an increase in carbon dioxide i n  the  atmosphere su f f i c i en t  t o  
produce atmospheric heating by a few degrees over the globe 
( the greenhouse e f f e c t ) .  
po lar  ice-caps w i l l  melt and the l e v e l  of the oceans would r i s e ,  
possibly f looding,our  coastal  a reas  and c i t i e s .  
if it appears immhnent, may d i c t a t e  the use of energy sources 
which do not have CO as a by-product, such as nuclear, geothermal, 
e to .2  The r a t e  o f  C62 dissolving in the  oceans w i l l ,  however, 
check the  C02 concentration i n  the atmosphere, and pa r t i cu la t e  
produckion from the burning process if held i n  the upper atmosphere, 
w i l l  d i f fuse  so l a r -  rad ia t ion  s o  as t o  cause a cooling o f  the atmos- 
phme, thus giving r5se to  a p o s s i b i l i t y  of  an i ce  age. 
For example, it 
This gives r i s e  t o  a p o s s i b i l i t y  t h a t  the  
Such a poss ib i l i t y ,  
A-2.5 References. See Appendix B-2 
2See B-2, ikem 7.  
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Appendix A - 3  
TRANSPORTATION 
A - 3 . 1  I n t r o d u c t i o n  
Continued growth of a i r ,  s e a ,  and l a n d  t r a n s p o r t a t i o n  
appear  t o  be n e c e s s a r y  and i n e v i t a b l e  i n  an  expanding 
s o c i e t y .  T h i s  r a p i d  growth w i l l  con t inue  t o  be accompanied 
by a c u t e  problems in  t r a f f i c  c o n t r o l  and n a v i g a t i o n .  I t  
appears  t h a t  the problem of p lann ing  new t r a n s p o r t a t i o n  
systems and the  problem of n a v i g a t i o n  and t r a f f i c  con- 
trol should  b o t h  be improved by a g l o b a l  s u r v e i l l a n c e  
s y s  tern c o n s i s t i n g  of s p a c e c r a f t ,  a i r c r a f t  and l a n d  
survey  crews,  p l u s  d a t a  p r o c e s s i n g  and d i s t r i b u t i o n .  
A - 3 . 2  P o t e n t i a l  A p p l i c a t i o n s  for an  Opera t iona l  System 
A - 3 . 2 . 1  Highway Routing and P lann ing  
A survey  system should  i n d i c a t e  major g e o l o g i c a l  
p a t t e r n s ,  s u r f a c e  f e a t u r e s ,  e t c .  which would 
g r e a t l y  a i d  i n  t h e  p l ann ing  and c o n s t r u c t i o n  of 
new highways throughout  t h e  world.  Such a system 
could be e s p e c i a l l y  h e l p f u l  t o  underdeveloped 
c o u n t r i e s  beginning  major  t r a n s p o r t a t i o n  development 
A-3.2.2 C i t y  S t r e e t  P l ann ing  
The use  of photographic  maps i s  commonplace i n  
c i t y  s t r e e t  p l a n n i n g .  A survey  system could  
p rov ide  t ime ly ,  updated maps a s  a m a t t e r  of 
r o u t i n e  o p e r a t i o n .  
A-3.2.3 Automobile T r a f f i c  Dens i ty  P a t t e r n s  
I tems  ( 2 )  and (3 )  would r e q u i r e  a . h i g h e r  r e s o l u t i o n  
s e n s o r  than i t em (1). The needs  h e r e  a r e  for 
i n d i c a t i o n s  o f  a r e a s  of p r e s e n t  and f u t u r e  con- 
g e s t i o n  and for a i d s  i n  p l a n n i n g  new a r t e r i e s .  
A - 3  - 2 . 4  Enroute  T r a f f i c  Con t ro l  o f  A i r c r a f t  Over Oceans 
Improved communications a r e  n e c e s s a r y  for r e -  
l i a b l e  a i r  t r a f f i c  c o n t r o l  a s  t r a f f i c  d e n s i t y  
i n c r e a s e s .  
A-3.2.5 Enroute  T r a f f i c  Con t ro l  for S u r f a c e  Vesse ls  
Again improved communications a r e  needed f o r  
b e t t e r  t r a f f i c  c o n t r o l  of a l l  s u r f a c e  v e s s e l s  
i n c l u d i n g  ground e f f e c t  machines (GEM) . ,  T h i s  
a p p l i c a t i o n  i s  needed m o s t  u r g e n t l y  a t  p r e s e n t  
i n  the North A t l a n t i c  s h i p p i n g  l a n e s .  
A-3.2.6 Naviga t ion  of  A i r c r a f t  and Sur face  Vesse ls  
A means i s  needed Tor more a c c u r a t e  p o s i t i o n  
l o c a t i o n  i n  a l l  weather. 
A-3.2.7 Sea rch  and Rescue 
A more e f f i c i e n t  communications network i s  
needed f o r  s e a r c h  and r e scue  o p e r a t i o n s  in- 
volv ing  l a n d  and s e a  a c c i d e n t s .  I t  a l s o  
appears  f e a s i b l e  t h a t  h i g h  a l t i t u d e  s e n s o r s  
could  d e t e c t  wreckage i n  remote a r e a s  of the  
world.  Such d e t e c t i o n  would g r e a t l y  a i d  i n  
r e s c u e  o p e r a t i o n s .  
A - 3 . 3  References:  See Appendix B-3 .  
Appendix A - 4  
CONSERVATION 
A - 4 . 1  I n t r o d u c t i o n  
The conse rva t ion  of t h e  r e sources  of t he  w o r l d  i s  
an  a r e a  wherein a l a r g e  number of b e n e f i t s  can be de- 
r i v e d  f r o m  an  e a r t h  survey  ( s u r v e i l l a n c e )  system. A 
number of t h e  t o p i c s  inc luded  h e r e  c o r r e l a t e  w i t h  
m a t e r i a l  covered elsewhere i n  this r e p o r t ;  s e e  s e c t i o n  
A - 1  and A - 5 .  
A-4.2 App l i ca t ions  for A i d  i n  Resource Conserva t ion  
A-4.2.1 





Snow Cover and I c e  Occurrence 
The magnitudes and l o c a t i o n s  of  snow i n  
mountains should  a i d  i n  run-off p r e d i c t i o n s  
which can  be used for r e s e r v o i r  p lanning  
and use .  
Near Shore Underwater D e t a i l  i n  Coas t a l  Waters 
Loca t ions  of f resh wa te r  escaping  i n t o  s e a  water  
should  be used t o  p l a n  new w e l l s .  
F r e s h  Water P o l l u t i o n  
The i n t r u s i o n s  of i n d u s t r i a l  community and 
s a l i n e  p o l l u t a n t s  i n t o  f r e s h  water  s u p p l i e s  
should  be determined i n  g r e a t e r  d e t a i l .  
Rese rvo i r  P l a m i n g  
High a l t i t u d e  viewing should  g r e a t l y  a i d  i n  the  
p l ann ing  of new r e s e r v o i r s  for t he  p r e v e n t i o n  of 
f r e s h  water  l o s s .  
Minera l  D e t e c t i o n  
High a l t i t u d e  viewing of geographic  f e a t u r e s  
should be  used i n  t h e  l o c a t i n g  and the  mining 
of underground minerals. 
W i l d l i f e  Management 
A high a l t i t u d e  s u r v e i l l a n c e  system should  be 
u t i l i z e d  t o  e v a l u a t e  rangelands  and f o r e s t s  
i n  o r d e r  t o  determine s u i t & b i l i t i e s  for 
d i f f e c e n t  w i l d l i f e  s p e c i e s .  The d i scove ry  of 
p o l l u t a n t  sou rces  o f  s t reams and r i v e r s  s h o u l d  
i n d i c a t e  a c t i o n  n e c e s s a r y  i n  o r d e r  t o  save  
endangered f i sh  s p e c i e s .  
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A-4.2.7 Conservation of Forests 
Diseased areas and areas with insect infestatians 
should be located by an operational surveillance 
sys tern. 
A-4.3, References: See Appendix B-4.  
Appendix A - 5  
DISASTER DETECTION, PE3DICTI0N9 POSSIBLE PRFVENTION 
AND E3COTEE1Y PROCEDURFX 
A - 5 . 1  Introduction 
Headlbes  t h a t  read: HUNDFEDS DIE IN M4JOR DISASTER! merely 
Any event causing g rea t  damage o r  
inform us  t h a t  a l a r g e  number of people have l o s t  t h e i r  lives-which 
i n  i tself  i s  a major d i s a s t e r ,  
destruct ion,  cansiderable l o s s  of l i f e  or property, o r  v io len t  d i s -  
ruption of the physical o r  s o c i a l  environment could be termed a d is -  
a s t e r .  However, there  a re  so  many d i f f e r e n t  types of events coming 
under t h i s  descr ip t ion  t h a t  any attempt t o  c l a s s i f y  them i n t o  any 
meaningful order immediately demonstrates the  d i f f i c u l t y  of a r r iv ing  
a t  a precise de f in i t i on .  
For example, we say  t h a t  some d i s a s t e r s  a r e  due t o  na tu ra l  
causes and o thers  a r e  man-made. Some a r e  preventable and some a re  
not, or a t  l e a s t  do not  seem .to be. 
warning of  theposs ib i l i ty , ,  probabi l i ty ,  or even c e r t a i n t y  of t h e i r  
occuring for those who dll take the  time and t rouble  t o  observe and 
co r rec t ly  i n t e r p r e t  ava i l ab le  data ,  while o thers  appear t o  give no 
advance ind ica t ions  whatsoever. Disasters may vary grea t ly  i n  both 
i n t e n s i t y  and i n  duration a l so ,  some having a r e l a t i v e l y  long t i m e -  
span but with r a the r  low-level i n t e n s i t y  and o thers  occuring i n  a 
matter of minutes but with immediate devastating e f f ec t s .  Again, 
d i s a s t e r s  may involve any number o f  persons a t  what might be con- 
s idered t o  be the I1local1' l e v e l  or they might be very far-reaching 
i n  t h e i r  e f f e c t s  and encompass an area t h a t  could extend t o  global 
proportions. 
Some give plenty of advance 
A-5.2 Disas te r  C las s i f i ca t ion  
There i s  even some question a s  t o  j u s t  what should be included 
and what should be excluded i n  one 's  determination of what cons t i tu tes  
a d i s a s t e r  or a s  t o  the pa r t i cu la r  category i n t o  which a given d i s a s t e r  
should be placed. 
na tu ra l  phenomena could be l i s t e d  such things as :  
Among events generally considered t o  be caused by 
Avalanches F i r e s  caused by l igh tn ing  
Droughts Hurricanes 
Earthquakes Landslides 
Epidemics Locust invasions 




Events coming under the heading of d i sa s t e r s  f o r  which man i s  
primarily responsible might include: 
A i r  r a i d s  F i r e s  caused by man 
A s p h d a t i o n  Radiation 
Coll is ions o r  wrecks(land, sea , a i r )  
Cave-ins Riots 
Collapse of man-made s t ruc tu res  
Explosions Wars 
Revolutions 
Pollution( s o i l ,  water, a i r )  
Neither of the above lists i s  intended t o  be a l l - inc lus ive  but 
merely representat ive and it is  a t  once obvious t h a t  some items could 
appear on e i t h e r  l i s t  o r  on both o r  be caused by a combination of 
na tura l  and human causes. 
A-5.3 Nature of Disas te rs  and Preventive Action 
We s t i l l  do not know the exact causes f o r  a l l  d i sas te rs ,  nor 
a r e  we yet able  t o  foresee a l l  of the d i r e c t  and ind i r ec t  consequences 
t h a t  may r e s u l t  from a given d isas te r .  
t h a t  a l l  d i s a s t e r s  a re  capable of being prevented, although some 
po ten t i a l  d i sa s t e r s  can be and have been prevented by timely advance 
warning and appropriate preventive act ion.  S t i l l  more tha t  have not 
been prevented from happening might have been i f  only more data had 
been avai lable  i n  time t o  permit preventive ac t ion  t o  be taken. There- 
fore ,  there  is  good reason t o  believe t h a t  many more poten t ia l  disas- 
t e r s  i n  the fu tu re  can be prevented by subs t an t i a l ly  increasing our 
supply and i n t e l l i g e n t  use of data r e l a t i n g  to  t h e i r  nature and causes. 
Even 5.n the case of those d i sa s t e r s  not  subject  t o  any e f f ec t ive  pre- 
ventive action, such data and i t s  use should a t  l e a s t  g rea t ly  reduce 
the extent  o r  area of d i sa s t e r  and help to  minimize the harm done o r  
make i t  possible t o  b e t t e r  plan f o r  such things as evacuation, rescue, 
and r e l i e f  act ion i n  d i sa s t e r  areas. 
Neither does i t  seem l i k e l y  
A-5*4 Present Procedures and F a c i l i t i e s  f o r  Deali.ng with Disasters  
Present f a c i l i t i e s  f o r  dealing with d i sa s t e r s  are  defect ive o r  
inadequate f o r  a v a r i e t y  of reasonss 
1. They tend to  be pr imari ly  of a post-disaster  nature, such 
as  the use of f i r e  and pol ice  departments, ambulances, 
rescue and evacuation uni t s ,  volunteer workers, and the 
s e t t i n g  up o f  f i r s t - a i d  centers  and temporary s h e l t e r s ,  
That there  i s  a r e a l  need f o r  grea te r  promptness and grea te r  
accuracy i n  detect ing and report ing d i sa s t e r s  than present 
systems provide i s  not disputed, despi te  the many improvenents 
which have been made. 
M s t i n g  ground-based systems are  inc l ined  to  be too inf lex-  
i b l e  and d i f f i c u l t  t o  re-adjust  t o  novel conditions which can 
be expected t o  develop i n  the fu ture .  




6 .  
7. 
a .  
Ground-based systems a r e  too l imi t ed  i n  coverage and even 
the  use of a i r - c r a f t  s t i l l  leaves many remote areas  on land 
and sea and i n  the a i r  unmonitored a t  a11 or not on any 
continuous bas is .  
Increasing the  number of ground i n s t a l l a t i o n s  or a i r c r a f t  
used f o r  detecting d i s a s t e r s  would add much t o  costs .  
There i s  present ly  no central ized,  coordinated global system 
of d i s a s t e r  report ing and reporting of data which might a i d  
i n  avoiding d i s a s t e r s  and much of the reporting t h a t  i s  done 
i s  e n t i r e l y  on a voluntary bas is .  
Present communications systems involving ship t o  ship, sh ip  
t o  shore, and a i r c ra f t - sh ip  reporting and relaying of i n fo r -  
mation a r e  subjec t  t o  c r i t i c i sms  which include u n r e l i a b i l i t y ,  
poor qual i ty ,  inaccuracy, and l imi ted  use r  accessabi l i ty .  
The AMVAR system presently provides f o r  automatic merchant vesse l  
reporting i n  regions of f a i r l y  dense marine t r a f f i c  only and the  United 
S ta t e s  Coast Guard receives information voluntar i ly  radioed i n  by about 
3000 sh ips  of more than 60 countr ies  each day a s  t o  t h e i r  posi t ions,  
course, and speed and t h i s  information i s  computerized so  t h a t  i n fo r -  
mation can be updated. HF and VHF rad io  re lays  and submarine cables 
a r e  used f o r  reporting information but HF radio s e r v i c e  i s  not too 
r e l i a b l e  and of  r a t h e r  poor qua l i ty .  
l i n e  of s i g h t  distances, qua l i t y  i s  not very good, cos ts  a r e  high, and 
ava i lab le  band widths a r e  l imi t ed ,  The use of submarine cables i s  
l imi ted  t o  users  of f ixed  cable terminations and t h i s  l i m i t s  po t en t i a l  
user  accessabi l i ty .  
VHF radio serv ice  i s  l imi ted  t o  
The Office o f  Emergency Flanning i n  Washington, D. C.  was estab- 
l i shed  by a c t  of Congress September 22, 1961 within the Executive 
Office of the  President, a s  a successor agency t o  o f f i ces  es tabl ished 
i n  1958. Act iv i t i e s  and organizational cha rac t e r i s t i c s  of t h i s  o f f i c e  
a r e  summarized i n  the U. S. Government Organization Manual, Coordina- 
t i o n  o f  Federal a i d  t o  S ta t e s  i n  coping with major d i s a s t e r s  under the 
Federal Disaster A c t  of 1950, a s  amended, and the  Disaster Relief Act 
of 1966 is  mentioned and included i n  the organization i s  a National 
Resource Analysis Center and an Emergency Operations Office. 
Center's Director !I... develops and maintains a complete capabi l i ty  
f o r  monitoring, evaluating, and project ing the  s t a t u s  of the Nations's  
resources and economy t o  meet a l l  types and degrees of na t iona l  emer- 
gency; . . .  conducts and supports comprehensive research and system 
analyses t o  support decisions on a l t e rna t ive  emergency preparedness 
pol ic ies ,  plans, and programs; .,.I' The Director of t he  Emergency 
Operations Office provides the over-al l  leadership and coordina- 
t i o n  of Federal, S t a t e ,  and l o c a l  readiness programs designed t o  
assure  the  capab i l i t y  of government t o  respond e f f ec t ive ly  t o  any 
emergency. 1 1 1  
The 
1. See B-5, Item 7, pp. 67-70. 
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A - 5 . 5  An Operational Earth Resource Survey Program and Disaster 
Numerous o ther  governmental agencies o r  p r iva te  organizations 
w5thin the  United S ta tes ,  a s  w e l l  a s  fore ign  and in t e rna t iona l  organi- 
zat ions of various tvpes could be mentioned t h a t  dea l  d i r e c t l y  o r  ind i -  
r e c t l y  with the problem of d i sa s t e r s  and, admittedly, g rea t  progress 
has been made and hopefully will continue. Should the  col lect ion,  
reporting, dissemination, and use of d i s a s t e r  data through ex is t ing  
systems and methods be improved before we think of going i n t o  space 
t o  supplement o r  possibly subs t i t u t e  f o r  ex is t ing  systems and methods 
o r  i s  i t  f e a s i b l e  and des i rah lb  tosimultaneously explore the possibi-  
l i t y  and problems inherent i n  ground surface,  a i r c r a f t ,  and spacecraft  
systems and methods? I s n ' t  i t  highly probable t h a t  the optimum t o  be 
sought will be some combinational use of a l l  three,  u t i l i z i n g  the  major 
advantages of each f o r  the purposes f o r  which they a r e  bes t  su i t ed  and 
varying t h e i r  r o l e  a s  conditions and technological advances change? 
The use of a i r c r a f t  has a l ready  demonstrated how valuable data 
obt8ined:from t h i s  source can be i n  dealing with d i s a s t e r s  and, t o  a 
somewhat l e s s e r  degree, t h i s  i s  t rue  of spacecraft  a l so .  I f  expanded 
use of spacecraft  i s  warranted on an operational bas i s  f o r  such pur- 
poses, we should c r i t i c a l l y  evaluate  those needs t h a t  per ta in  t o  d is -  
a s t e r s  f o r  which i t  might be assu-mes spacecraft  obtained data might 
o f f e r  advantages not present i n  ex i s t ing  systems. 
O f  the fou r  phases of d i s a s t e r  control-detection, prevention, pos- 
s i b l e  prevention, and recovery procedures, the l a s t ,  by necessi ty ,  
would have t o  remain pr imar i ly  a ground based system i n  almost a l l  
ins tances ,  There i s  no reason t o  expect t h a t  t h i s  phase of dealing 
with d i s a s t e r s  would be a l t e r e d  g rea t ly  by e i t h e r  the  use of a i r c r a f t  
o r  s a t e l l i t e s .  However, f o r  ce r t a in  types of l a r g e  sca le  d i s a s t e r s  
especial ly ,  data obtained from s a t e l l i t e s  could be of considerable 
value i n  re lay ing  information back t o  ea r th  promptly and over a l a rge  
area a s  t o  the prec ise  loca t ion ,  d i rec t ion ,  r a t e  of spread o f  some 
types of d i s a s t e r s ,  the  effectiveness o f  d i s a s t e r  f i gh t ing  e f f o r t s ,  and 
i n  suggesting how some types of d i s a s t e r s  might b e s t  be handled on 
the  bas i s  of pas t  data f o r  a given a rea .  A i rc ra f t  could a l so  do much 
of t h i s ,  i n  some cases probably b e t t e r  than s a t e l l i t e s  and i n  o thers  
not a s  w e l l ,  depending on the s i t u a t i o n .  
The major contribution s a t e l l i t e  obtained data should be ab le  
to  make t o  the post-disaster o r  recovery s tage  i s  the  de tec t ion  of 
d i sa s t e r s .  Promptness and accuracy i n  repor t ing  d i s a s t e r s  may he lp  
a g rea t  dea l  i n  ge t t i ng  search, rescue, and evacuation teams on the 
scene and reducing lo s s  of l i f e  and property. 
cos ts  of d i s a s t e r  de tec t ion  by. s a t e l l i t e  might be high, the po ten t i a l  
benef i t s  would be d i f f i c u l t  t o  ca lcu la te  with any accuracy. What 
value can be placed on the numbar of human l i v e s  t h a t  might be saved 
ther@bY, f o r  instance? 
be a "spin-off" o r  s i d e  e f f e c t  of a system t h a t  could serve multiple 
purposes. 
Even though i n i t i a l  
More important, t h i s  se rv ice  would, i n  a sense, 
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A-5.6 Impacd of an Earth Resource Survey Program on Disaster  Detection, 
Prevention, and Recovery 
If ,  a s  the saying goes, an ounce of prevention i s  worth a pound 
of cure, another very important function t h a t  an ea r th  resources s a t e l -  
l i t e  system would serve would be d i s a s t e r  prevention. It could do t h i s  
i n  a t  l e a s t  two ways. First, i f  continuous and global monitoring re- 
su l ted  i n  a more accurate and comprehensive, a s  w e l l  a s  constantly up- 
dated co l l ec t ion  and dissemination of data r e l a t i n g  t o  the  e a r t h ' s  re- 
sources than i s  present ly  possible under ex i s t ing  systems, i t  should be 
possible  t o  pred ic t  what i s  l i k e l y  or c e r t d h  t o  happen much more ef- 
f i c i e n t l y ,  economically, and with grea te r  dispatch. With t h i s  kind of 
information avai lable ,  i t  seems l o g i c a l  t o  assume t h a t  more e f f ec t ive  
measures could be taken i n  t i m e  t o  prevent o r  a l l e v i a t e  d i s a s t e r s  
t h a t  could be foreseen t h a t  f a r  i n  advance, pa r t i cu la r ly  those due 
to  na tu ra l  causes, but a l so  including many caused by man such a s  pol -  
l u  t ion.  
A study of s ign i f i can t  changes i n  a i r ,  water, o r  land temperatures, 
movements of water, ice, and snow, s o i l  erosion, or suddentand unusual 
changes i n  land s t ruc tu re ,  sea s t a t e ,  or atmospheric conditions by con- 
tinuous global monitoring ce r t a in ly  should lead  t o  grea t ly  increased 
research devoted t o  the  p o s s i b i l i t i e s  of weather modification, the 
p o s s i b i l i t y  of d iver t ing  dangerous storm f ron t s  t o  unpopulated areas,  
and the  construction of b e t t e r  pro tec t ive  devices aga ins t  d i s a s t e r s  
due t o  na tu ra l  causes. I n  other  words, the  more we know about what 
i s  l i k e l y  o r  c e r t a i n  t o  happen i f  we d o n ' t  do something about i t ,  the  
more l ike l ihood there i s  t h a t  we w i l l  t r y  t o  f i n d  ways o f  doing some- 
thing about i t .  And i f  we reach the conclusion, a s  we unquestionably 
will i n  some cases, t h a t  absolutely nothing e f f ec t ive  can be done t o  
prevent a predicted d i s a s t e r  from occurring, we can s t i l l  take max- 
imum secur i ty  measures i n  preparation f o r  the inev i t ab le .  
The second way i n  which an ea r th  resources s a t e l l i t e  system could 
serve a s  a g rea t ly  improved method of preventing d i s a s t e r s  i s  pro- 
bably of grea te r  immediate bene f i t  than the f i rs t .  
many years  of research before man can do much e f f e c t i v e l y  t o  change 
quakes, hurricanes, t i d a l  waves, e t c .  and the energy and expense which 
would be required t o  do t h i s  could be a very important obstacle, with 
no guarantee t h a t  t h i s  could be done. 
It might take 
However, most so-called ffaccidentsfl  involving human beings, whether 
on land, the sea,  o r  i n  tne  a i r ,  a r e  avoidable if  only the r i g h t  people 
had access t o  the r i g h t  information a t  the r i g h t  time and place.  Here 
i s  where an ea r th  resources s a t e l l i t e  system could r e a l l y  be of  tre- 
mendous value. If n a t u r a l  d i s a s t e r s  prove unpreventable, they might 
a t  l e a s t  be avoided or by-passed provided s u f f i c i e n t  advance warning 
i s  given of t h e i r  presence, locat ion,  cha rac t e r i s t i c s ,  and probable 
tendencies. 
of the many c o l l i s i o n s  of a i r c r a f t  o r  ships  t h a t  now take place annually 
Likewise, i t  i s  reasonable t o  suppose t h a t  a grea t  number 
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could be avoided t o  a much greater  extent  than i s  presently possible i f  
more accurate and continuous information a s  t o  posit ion,  speed, and 
direct ion was made avai lable  on a global basis  f o r  quick use through 
a central ized system. A i r  turbulance, dangerous storm areas,  i c e  block- 
ed sea areas,  excessive fog conditions, icebergs, landsl ides ,  ac t ive  
o r  ant ic ipated volcanic action, ear th  tremors, e t c .  could be reported 
and t r ave l  re-routed accordingly. 
Thus, increased opportunity f o r  avoidance of some of the hazards 
which contribute t o  man-caused accidents a s  w e l l  a s  avoidance of some 
of  the hazards t h a t  a r e  imminent i n  the proximity of natural-caused 
d i sa s t e r s  could be provided. Other benef i t s  would r e s u l t  from the  
study of data indicat ing the impact ce r t a in  types of  d i sas te rs  have on 
a given area, data indicat ing the r e l a t i v e  effect iveness  of a l t e rna t ive  
measures o f  predicting, preventing, o r  coping with d i sa s t e r s .  The 
use of  s a t e l l i t e  obtained data as  a means o f  predicting, preventing, 
o r  coping with p o l i t i c a l  and economic conf l i c t s  is  much more speculative 
a t  t h i s  point a t  l e a s t ,  However, one can not help wonder what the 
e f f e c t  might be of  continuous publ ic i ty  avai lable  f o r  a l l  nations of 
data indicat ing mi l i t a ry  build-ups, miss i le  bases such a s  were estab- 
l i shed  i n  Cuba, e t c .  It might a c t  a s  a possible de te r ran t  o r  a t  l e a s t  
enable nations t o  be b e t t e r  prepared f o r  aggressive act ion and t o  be 
able  t o  take e f f ec t ive  co l lec t ive  ac t ion  quicker than might otherwise 
be the case. 
A-5.7 Summary and Conclusions 
I n  a shor t  summary paper such a s  th i s ,  i t  i s  not possible to  cover 
i n  d e t a i l  a l l  of the many ways i n  which an ea r th  resources s a t e l l i t e  
system might be o f  value i n  detecting, predicting, and possibly prevent- 
ing d i sa s t e r s  o r  i n  a s s i s t i ng  i n  d i sa s t e r  recovery a c t i v i t i e s ,  nor have 
the many p o l i t i c a l ,  l ega l ,  technological, and economic problems t h a t  
the operation of such a system would provoke been a t  a l l  explored. 
That it i s  feas ib l e  technologically seems evident from the success tha t  
TIROS and NIMBUS s a t e l l i t e  experiments have already had. 
is urgently needed because of the  defects of ex is t ing  system and tha t  
i t s  economic and other  benefi ts  would more than compensate f o r  any 
i n i t i a l  cos ts  eventually a l so  seems qui te  evident.  Much more needs 
to  be done than has been done so  f a r  to  convince the public of the 
j u s t i f i c a t i o n  f o r  such a program and the increasing degree t o  which 
i t  becomes more and more necessary a s  the po ten t i a l i t y  f o r  d i sas te rs  
of new and complex Q-pes and the greater  frequency of d i sa s t e r s  of  the 
more convential type becomes more apparent, 
series of r e a l  major d i sa s t e r s  f o r  conviction t o  f i n a l l y  come. 
a s  another and very r e a l  poss ib i l i ty ,  perhaps e f fec t ive  ac t ion  will be 
postponed s o  long tha t ,  when d i s a s t e r  f i n a l l y  becomes s o  global i n  i t s  
impact, whether by slow pol lut ion o r  by some rap id  process such a s  
radiat ion,  i t  will be too l a t e  to  s a t i s f y  man's grea tes t  need--survival. 
That i t  
Perhaps i t  will take a 
Or, 




A-6.1  The Population Growth 
I'From the  time of Christ  u n t i l  the end of the 16th century 
world population grew an average of 2 t o  5 percent a century. 
Since about 1960 population has been growing almost 2 percent 
per year . I l l  
population explosion. Project ion of t h i s  growth pa t te rn  t o  
the  year 2000 (Figure A-6.1) ind ica tes  t h a t  populatzion w i l l  
This- increase i n  growth r a t e  has been cal led the 
TWENTY CENTTJFZES OF WORLD 
POPULATION GROWTH 
B i l .  Persons 
1 500 1000 1500 I 2900 
1900 
Source: YEAR 14603C 
U.S e Department o f  Agriculture 
NEG. ERS 2230-63(8) 
*projected from 1960 
Economic Research Service 
double t o  6 b i l l i o n .  
as 7.5 b i l l i o n .  
Some project ions place the t o t a l  as high 
Looking fu r the r  i n to  the  fu tu re  indicates  
'See Appendix E-6, Item 7, p .  2 .  
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. ,. 
fu r the r  explosive growth. 
for tunate  indeed i f  we succeed i n  s t a b i l i z i n g  the world's 
population a t  15 b i l l i o n  persons. 
another 90 years the  population o f  human beings w i l l  be approaching 
25 b i l l i o n  persons 
"It now appears that we w i l l  be 
It is  even possihle t h a t  i n  
AT6.2 Factors Contributing t o  Population Growth 
Several f ac to r s  such as improved pest ic ides ,  improved 
sani ta t ion ,  and b e t t e r  hea l th  care have served t o  decrease the  
death r a t e  while the b i r t h  r a t e  has tended t o  remain a t  a r e l a t i v e l y  
constant high l e v e l .  
s ign i f icant  i n  Asia, Africa and Latin America where deaths per 
thousand i n  1965 had dropped 30 t o  45 percent i n  t h i r t y  years 
(Table A-6.1). 
The reduced mor ta l i ty  has been espec ia l ly  
In  Asia, f o r  example, the projections ind ica te  an 
TABU A-6.1 
FALLING DEATH UTES I N  THE HUNGRY WORLD 
(per  thousand) 




33 23 20 13 
33 27 23 18 
22 19 12 8.2 
Source: Paddock, Wm,  and Paul 
3:- 
projected 
increase from 1.62 b i l l i o n  i n  1960 t o  a l m o s t  3.9 b i l l i o n  i n  2000 
(Table A-6.2) e 
regions a l s o  e 
Substant ia l  increases a re  projected f o r  a l l  other 
2 
See Appendix B-6, Item 1, p. 8 
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TABU A-6.2 
FiEGIOML AND WORLD POPULATION: ACTUAL 1900-1960 & projected 1960-2000 
Region 
North America . 
3" Latin America Western Europe 
E D  Europe&USSR3 
Africa e . . e e 
Asia . . . . . . 
'J?igures f o r  t h i s  year were not included i n  the o r i g i n a l  source 
but w r e  arrived a t  by interpolat ion.  
'Figures f o r  these years were taken from D. Greenveld, 
Investment f o r  Food, 1961, p.  107. 
3For some years f igures  were available on ly  f o r  lIEurope1l as 
a whole i n  which case the breakdowns Between Eastern and Western 
Europe a re  estimates based on years for which separate data a re  
available.  
Source : United Nations 7 1958 (57). 




A-7.1 A spec i f i c  Resource Requirement 
The expanding population (See Appendix A-6) w i l l  require  a t  
l e a s t  a proportional increase i n  food, f i b e r ,  s h e l t e r  and o ther  
goods and services .  Because of r i s i n g  expectations of  a higher 
l i v ing  standard a more than proportional increase probably w i l l  
be required.  
these increases  may be estimated by an examination of  the d i s t r ibu t ion  
of a rab le  Und (Table A - 7 . 1 )  and comparison t o  population d i s t r ibu t ion  
(Table A-6, 2 ) e 
How wel l  the world regions a r e  equipped t o  provide 
TABLE A-7.1 












Less developed reg 
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and land Permanent a l l  , t o t a l  
under t r e e  meadows and other  area 












3 J 453 
4,946 













Refers t o  t o t a l  area sf the  country including area under inland 1 
water. 
2Excludes Greenland and Antarctica e Source : FA0 Prod . l R B K  1960 (15) e 
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Lat in  America, Asia, Africa, and Oceania which contained over 
70 percent o f  t he  world population (1960) had avai lable  only 
about 57 percent of  the a rab le  and t r e e  cropped land (1959). 
By comparison, North America, Western Europe, Eastern Europe 
and USSR contained l e s s  than 30 percent of the world population 
(1960), but had avai lable  about 43 percent of the arable  and t r e e  
cropped land (1959). 
(though changing) re la t ionship  t o  land ava i l ab i l i t y ,  a serious 
imbalance i s  indicated.  It appears t h a t  t h i s  imbalance w i l l  
tend t o  worsen s ince forecasted annual 2 t o  4 percent increases 
i n  food production have not been achieved a t  present.  
term applied t o  t h i s  imbalance i s  food gap. 
Since food production bears a d i r e c t  
The 
D r .  Bonner of  the California I n s t i t u t e  o f  Technology made 
the following assessment of the r a t e  of  food production increase 
i n  1967: 
In f a c t ,  however, y ie lds  per  acre  i n  the 
developing areas  of t he  world have increased only 
8 percent i n  ten  years, o r  l e s s  than 1 percent 
per  annum. 
food production has resul ted from increases o f  
farm acreage, of ten of qui te  marginal areas,  and 
t h i s  i s  i n  dramatic cont ras t  So the experience of 
the developed countries,  i n  which a l l  increases i n  
food production have been due t o  r a i s ing  of  per 
The greater  p a r t  of the increase i n  
acre  y ie lds .  1 
The shortage of a rab le  land coupled with t h i s  very slow 
increase i n  y ie ld  compounds the problem. 
Freeman, Secretary of Agriculture, made t h i s  statement: 
"Unless the l e s s  developed countries sharply increase t h e i r  
ag r i cu l tu ra l  productivity,  and soon, mass famine w i l l  take place. 
Thus more human l i v e s  hang i n  the balance i n  the race between 
food and people than have been l o s t  i n  a l l  the wars i n  history,Il2 
I n  1966 Orville L .  
A-7.2 Constraints and Direc t iv i ty  for Meeting Hunger Needs 
I n  order t o  meet the bas ic  requirements of nu t r i t i on  the 
increase i n  population and the increase i n  food production must 
be brought i n to  balance. 
becomes involved with attempts t o  educate and t o  convince 
individuals  t o  l i m i t  the s i z e  o f  t h e i r  famil ies .  Some e f f o r t  
i s  under way i n  t h i s  area and it i s  recognized as a long term 
proposition. 
Checking the population growth 
Increasing the food supply is  a l s o  a long term 
'See Appendix B-7, Item 1, p. 33. 
2 
See Appendix B-7, Item 3 .  
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proposit ion involving technological, economic, soc ia l ,  and 
p o l i t i c a l  considerations, 
If the  developing regions a r e  unable t o  reac t  rapidly 
Since the export o f  
enough t o  solve t h e i r  food gap problems, the developed countries 
a re  the  log ica l  source of ass i s tance ,  
medical technology Ihich,  coupled with l o c a l  effor ts  i n  the 
developing areas, has served t o  lower the death rate ( b i r t h  
r a t e s  remaining high) has created t h i s  imbalance, a t  l e a s t  i n  
par t ,  there  i s  a moral  j u s t i f i c a t i o n  f o r  giving t h i s  ass is tance.  
What form s h a l l  it take? D r ,  Bonner has made these suggestions, 
some o f  which a r e  obviously interim: 
technical so lu t ion  such as: 
food from the  sea (va r i e t i e s  of  f i s h )  
have the  developed countries feed the developing ones 
increased use of vegetables ( less  meat) 
fermentation o f  petroleum ( t o  supply protein) 
reclaim press  cake from o i l  squeezed seeds (soy 
bean, cottonseed, e t c .  ) 
i r r i g a t e  a l l  the world’s deser t s  
2. Massive technical ag r i cu l tu ra l  ass is tance by the developed 
countries t o  the developing ones, 
3. Continue the present po l icy  of sporadic, piecemeal 
ass is tance when f mine has reached a c r i s i s  s tage i n  
pa r t i cu la r  areas’. 3 
The President’s  Advisory Committee advocated exporting know- 
ledge, technical  a id ,  adaptive research, education, and i n s t i t u t i o n  
building, believing tha t  the products of  technology and agr icu l tur  1 
know-how cannot be t ransferred d i r e c t l y  t o  the developing nations. f i  
The primary requirement p r i o r  t o  the implementation o f  
such a program would be a world wide survey o f  a l l  aspects o f  
ag r i cu l tu ra l  applications,  an inventory of  resources, and an 
analysis  of po ten t ia l  f o r  food and f i b e r  growth f o r  a l l  areas .  
A-7.3 References, See Appendix B-7. 
3F0r a more complete discussion see: The Next Ninety Years, 
California I n s t i t u t e  of  Technology, Pasade 
pp. 837-9. 
4 For a more de ta i led  discussion see: The World Food Problem, 
A repor t  of the  President’s  Science Advisory Committee, Vol. I, 
Report on the Panel on the World Food Supply, 1967, p. 20. 
Appendix A-8 
URBAN AND RURAL F U N N I N G  AND DEVELOPMENT 
A - 8 . 1  Introduction 
Although America has had a mobile po l a t i o n  a s  evidenced by 
a review of over a century of censns dataPUthe s h i f t  of  population 
from r u r a l  t o  urban areas  over the  l a s t  decade has generated more 
than a few problems not only i n  the growing number of standard m e t -  
ropol i tan s t a t i s t i c a l  areas  (SMSA's) but  a l so  i n  the ru ra l  communities 
t h a t  a r e  suffer ing from-opulation. Several of the land use d i f -  
f i c u l t i e s  evident i n  c i t ies  and on the farms can be t raced i n  p a r t  
t o  the recent  migration pat terns .  
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A-8,2 Increasing problems of Urban Land-Use 
One of the more apparent consequences of urbanization and urban 
population dispersion has been a trend t o  devote increasing quant i t ies  
of land t o  provide intraurban and interurban t ransportat ion.  
the propensity t o  dr ive automobiles using only a f r ac t fon  of t h e i r  
capacity--particularly i n  the home-to-work-to-home cycle--pavement 
has been rap id ly  replacing other land uses mapy nf which had 
provided property t a x  revenues f o r  urban areas.2 This l o s s  of t a x  
resources has been pa r t i cu la r ly  perplexing t o  l a rge  c i ty  governments 
which have been s t ruggl ing t o  meet the public service needs of a 
growing number of high cost  res idents ,  While concentration upon the  
extension and improvement of rapid t r a n s i t  systems might slow the 
need t o  l a y  more pavement f o r  highways, there  i s  l i t t l e  evidence 
which ind ica tes  t h a t  under present pr ic ing and subsidy arrangement 
subs tan t ia l  numbers of persons would be wi l l ing  t o  s h i f t  from the 
automobile t o  public t ransportat ion espec ia l ly  as  a vehicle f o r  
intrametropolitan t r i p s .  Moreover, many highway programs i n  populous 
areas have been loca ted  i n  such a way as  t o  reduce urban b l igh t  by 
tear ing down depreciated s t ruc tures  along a l i n e a l  pa%h and replacing 
them with a road, 
Given 
1. See Appendix B-8, item 1. 
2. A Resources f o r  the  Future study estimated tha t  there  were 
1 . 2  mil l ion acres  of urban t e r r i t o r y  devoted t o  streets and a l l eys  
which does not  include r igh t s  of way o r  land acquired f o r  fu ture  
highway prp jec ts .  Adding land devoted t o  p o r t  f a c i l i t i e s ,  railway 
c l a s s i f i ca t ion  yards, passenger and f r e i g h t  terminals, r epa i r  s ta t ions ,  
some of which, of  course, produces urban tax  rece ip ts ,  f f , . . t he re  has 
come t o  be a t  l e a s t  2 mil l ion acres  i n  c i t y  and v i l l age  t ransportat ion 
uses.f1 
Baltimore: 
Marion Clawson and Charles L. Stewart, Land Use Information, 
The John Hopkins Fress, 1965, p. 9 9 7  ~ 
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A l l  too of ten l i t t l e  consideration i s  given t o  determining if  
i t  would be a more economic use of land to  renew these buildings 
and preserve the neighborhoods than bui ld  the  highway i n  t h i s  locat ion.  
Likewise, too l i t t l e  a t t en t ion  i s  given i n  the majority of cases t o  
loca te  housing and relieve the burdens of moving f o r  %hose displaced 
by the road project ,  The point here i s  t h a t  every e f f o r t  should be 
made t o  consider both the  pr iva te  and public cos ts  of proposed high- 
way projects  r e l a t i v e  t o  t h e i r  benefi ts  i n  assessing whether o r  not 
t o  proceed. 
A-8.3 Possible Value of an Earth Measuring System 
With regard t o  highway o r  rapid t r a n s i t  planning, the value of  
an ea r th  resources survey system via s a t e l l i t e  would seem to  be 
l imited,  under present technology t o  preliminary evaluation of a l t e r -  
nat ive locat ions f o r  extension to  and improvement i n  the network, 
odic survei l lance of  land-use changes i n  urbanized and urbanizing areas 
(perhaps once a year i n  slow growth and semi-annually i n  rapid growth 
areas)  would reveal  the d i rec t ion  o f  development and i t s  r a t e  of change. 
Such information could ind ica te  areas where t ransportat ion bottlenecks 
may develop and thus where added f a c i l i t i e s  w i l l  be needed, 
locat ions could be checked per iodical ly  by a i r c r a f t  t o  determine the 
extent  of congestion and assess  t r a f f i c  flow pa t te rns .  However, before 
any t ransportat ion systems can be designed, addi t iona l  information will 
be needed t o  estimate the  t r a f f i c  volumes t o  be carr ied.  
t o i n t s  out  t h i s  will require  such data a s  ' I .  a . the square footage of 
f l o o r  space i n  commercial and i n d u s t r i a l  areas as  a means f o r  estimating 
the number of automobile P o r  t r a n s i t 7  - t r i p s  t h a t  w i l l  r e s u l t  from the 
a c t i v i t i e s  i n  the area.Il3 Moreover, s ince  d i f f e ren t  types of  commercial 
and indus t r i a l  establishments generate d i f f e ren t  volumes of t r a f f i c  
and a t  d i f f e ren t  time periods, these establishments should be iden t i f i ed  
by standard i n d u s t r i a l  c l a s s i f i ca t ion  ( S o  I. C.  code). 
so lu t ion  ant ic ipated f o r  the ERTS A and B s a t e l l i t e s  ( i n  the 100-400 
I d  not permit estimates f o r  such de ta i led  planning. 
Consequently, once growth trends a re  iden t i f i ed  from s a t e l l i t e  p la t -  
form, a i r c r a f t  and ground surveys to  obtain de ta i led  land-use data 
would follow t o  e s t ab l i sh  service requirements f o r  the new o r  upgraded 
t ransportat ion l i nks .  
Peri- 
These 
A s  one study 
The modest re- 
A-8  .!.t Suburban Areas 
The rapid growth of suburban communities and unincorporated 
t e r r i t o r i e s  beyond c i t y  l i m i t s ,  r e l a t i v e  t o  the v i r t u a l l y  constant 
aggregate populations o f  l a rge  c i t i e s ,  have created important f i s c a l  and 
planning problems within SMSAIs 'in recent years.  
1,000,000 population experienced l i t t l e  change i n  t o t a l  population 
between 195'0 and 1960, par t icu lar ly  i f  annexations a r e  removed, the 
composition of  t h e i r  population was s ign i f i can t ly  a l t e r ed  i n  t h i s  period. 
While c i t i e s  of over 
3,, See Appendix B-8, i t e m l h ;  p. 14ke 
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t o  suburban a reasa4  Not only has t h i s  s i t ua t ion  l imited the c i t y ' s  
po ten t ia l  r e s iden t i a l  property t ax  rece ip ts  but i t  has a l so  increased 
the cost  of c i t y  services  pa r t i cu la r ly  i n  the areas of public ass is tance 
and public health.  I n  addition, c i t y  services  a r e  used extensively by 
suburbanites who work and enjoy recreat ional  a c t i v i t i e s  i n  'the c i t y  which 
indicates  t h a t  the lo s ses  within the middle income group have not s ig -  
n i f i can t ly  eased the burdens upon the c i t y  i n  providing services for++he%r 
benefi t .  It is  not d i f f i c u l t  t o  see, then, why l a rge  c i t ies  a re  seeking 
new tax  sources and a re  pa r t i cu la r ly  in te res ted  i n  obtaining revenues 
from suburbanites who u t i l i z e  c i t y  services. Rising c i t y  taxes, growing 
congestion, r e l a t i v e  decline i n  per pupil  school expenditures compared 
with the suburbs, absence of avai lable  l a rge  t r a c t s  of land, and growing 
pollution a l s o  combine t o  discourage new i n d u s t r i a l  and commercial develop- 
ment i n  l a rge  c i t i e s  which fu r the r  reduces t a x  poten t ia l .  
major c i t i e s  f ind  f i s c a l  c r i s e s  a r i s ing  a t  progressively shorter  i n t e rva l s  
as  servicenee increasingly pressure ava i lab le  tax  sources. 
I n  short ,  
Pro l i fe ra t ion  of suburban governmental u n i t s  has complicated urban 
planning and l imited the e f fec t ive  provision of several  public goods. 
A s  land i s  t ransferred from r u r a l  t o  urban use on the periphery, subur- 
ban towns and municipal i t ies  a re  created.  Since t h e i r  t ax  resources 
typical ly  a r e  modest, they devote scarce funds t o  providing basic 
public functions such a s  police and f i r e  protection, sani ta t ion,  parks 
and playgrounds plus education. 
planning community development o r  t o  the regulation of land use during 
the ear ly  s tages  of community development. A s  a consequency, s t r i p  type 
development has occured which has increased costs  of providing public 
functions, damaged aes the t ics ,  adversely effected highway ef f ic iency  
and safe ty  and has been subject  t o  rapid depreciation. I n  addition, 
land speculation frequent ly  leads t o  subs tan t ia l  t r a c t s  of  i d l e  land 
and f a r v  i n  the midst of developed property which r a i s e s  the  cost  of 
most u.t,ilities f o r  a l l  wi thin the service area. This s i t ua t ion  ind ica tes  
t h a t  households and firms i n  the compactly developed areas a r e  i n  f a c t  
subsidizing those tha t  choose the more d i s t an t  o r  l e s s  dense s i t e s  with 
respect t o  operating cos ts  of  several  u t i l i t i e s  when i n  the same service 
L i t t l e  i f  any money i s  devoted t o  
4. For instance,  the percentage of Negroes i n  c l t ies .of  1,000,000 
o r  more population rose from 13% t o  19% from 1950 t o  1960 and t o  26% 
i n  1966, 
famil ies  i n  the United S ta tes  l i v e  i n  metropolitan areas  of 1,000,000 
o r  more population and they comprise 25% of the non-whites below the  
poverty l eve l .  
able t o  leave the c i ty ,  t h i s  one quarter of the non-whites a re  i n  poverty 
fs  undoubtedly heavily concentrated i n  c i ty  ghettos. See, Department 
of Commerce, Bureau of Labor S t a t i s t i c s ,  Report No, 332, llCurrent 
Population Reports,'' Ser ies  P, 23, No. 24; ''Social and Economic 
Conditions of roes i n  the United States,11 (U.S.G.P.O. Washington, 
De C.,  October, 1967) pp. 10, Zk. 
Moreover, data f o r  1965' reveal t h a t  45% of a l l  non-white 
Since only the more a f f luen t  non-whites a re  f inanc ia l ly  
3 2 .  
ju r i sd ic t ion .  
A-8.5 The Pollution Control Problem i n  Urban Areas 
Perhaps a more alarming consequency of govsrnment p ro l i f e ra t ion  i n  
urban areas has been the  r i s i n g  i n s t i t u t i o n a l  complexities i n  attempting 
t o  a t tack  the  problem of pollution and the  tendancy for pollut ion t o  
spread with f rac t iona l ized  government. Where the primary sources of 
pollution a r e  located i n  a community such tha t  they occasion l i t t l e  or 
no adverse effects on the property values or heal th  of i t s  residents  
butl instead create  such cos ts  f o r  neighboring jur i sd ic t ions ,  there  will 
be l i t t l e  incent ive f o r  l o c a l  po l lu t ion  control  e f f o r t s  i n  the  absence 
of regulation by a higher suthori ty .  This problem of negative external-  
t ies  (a l so  referred t o  a s  negative spi l lover ,  negaf i t s  o r  external  cost)  
thus a r i s e s  where i t  is  possible f o r  one p o l i t i c a l  j u r i sd i c t ion  to  
create  soc ia l  costs  f o r  one o r  more neighbors. And i t  i s  j u s t  t h i s  
s i t ua t ion  t h a t  i s  l i k e l y  t o  occur i n  urban areas  characterized by numer- 
ous municipali t ies t h a t  have l o c a l  authori ty  t o  regulate  pol lut ion.  
One reasonable approach t o  resolving the pol lu t ion  control problem 
is  t o  " i n t e r n a l h e  the external i t ies";  t h a t  is, assign pollution control 
respons ib i l i ty  to  a government ju r i sd i c t ion  whose s p a t i a l  au thor i ty  
encompasses the area over which benefi ts  occur. Obviously, i t  i s  
necessary to  define the geographic boundaries d t h i n  which.air ,  water o r  
no'ise pollution exist f o r  each ukban i n  order t o  determine the 
appropriate j u r i sd i c t ion  f o r  regulation. To the extent  t h a t  sensors 
could accurately measure the  type, concentration and s p a t i a l  d i s t r i -  
bution of pol lutants ,  an ea r th  resources survey system would be of 
value t o  define benef i t  areas .  Moreover, constant survei l lance by 
the system might enable the  regulatory au tho r i t i e s  t o  de tec t  spec i f i c  
resources of pol lut ion and apply the appropriate pena l t ies  f o r  such 
ac t iv i ty .  This use, however, i s  l i k e l y  t o  be l imited t o  areas where 
pol lu te rs  a r e  not  s p a t i a l l y  concentrated s o  t h a t  individual  a c t s  of 
pol lut ion a r e  readi ly  discernable. 
But assuming an ea r th  resources survey system can provide both 
information on pol lut ion than current ly  exists, there remains the 
pressing needs t o  develop government in s t i t u t ions ,  control l e g i s l a t i o n  
and procedures to  u t i l i z e  the data f o r  the improvement of man's en- 
vironment. 
A-8.6 R u a l  Land Use 
Several of the problems of  r u r a l  America a r e  not  unlike some 
f o r  the d i f f i c u l t i e s  of cen t r a l  c i t i e s .  
CommissPon on Intergovernmental Relations provides impressive evidence 
of r u r a l  in fer ior i ty  with respect  to  the  extent and qua l i ty  of .educa- 
t ion,  heal th  f a c i l i t i e s  and housing compared with urban areas.5 
A recent study by the Advisory 
A s  
5,* See B-8, i t e m  2, pp. 23-24. 
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i n  the case of the c i t i e s ,  poverty exists f o r  a much l a r g e r  propor- 
t ion  of r u r a l  res idents  than i n  the S. M. S, A .  I s  .6 Moreover, i n  
the l a s t  decade r u r a l  population has stagnated, wtth the  rapid de- 
c l ine  of farm famil ies  having been ner.-ly o f f s e t  by the increase of 
non-farm famil ies  i n  non-urban areas  .7  Two major trend differences 
between the c i t t e s  and the r u r a l  periphery a re  t h a t  r u r a l  areas do 
not lack  land space f o r  development and t h a t  the  non-white percentage 
of the population i s  declining r a the r  than r i s i n g  a s  i n  the c i t i e s .  
While the  r u r a l  population has declined only about half  a mil l ion 
from 195'0 t o  1960, several  sect ions of the  nation experienced declines 
of over 10%. These areas  included most of Appalachia, the southern 
i n t e r i o r  p l a in  from Texas through Georgia, marginal corn production 
sect ions i n  Iowa and Missouri, a subs tan t ia l  p a r t  of the Ozarks, plus 
much of the Great Plains.8 It can be expected t h a t  i f  economic 
a c t i v i t y  does not  improve i n  the above sect ions of the country, con- 
t inued out-mi&ration w i l l  prevail ,  which will not  only r a i s e  population 
densi ty  i n  many already crowded c i t i e s  but a l so  ser ious ly  reduce the 
already searce supply of cap i t a l  and competent people i n  the r u r a l  
areas .  
If the United S ta tes  i s  t o  avoid long term 'loverurbanizationff 
and i t s  resu l tan t  economic and soc ia l  costs,  e f f o r t s  must be made t o  
improve economic opportunities i n  r u r a l  areas .  This does not mean 
the development of@wernment programs i n  every r u r a l  county. Rather, 
improvements t o  and addi t ion of soc ia l  overhead c a p i t a l  should be 
concentrated i n  areas  of some v i t a l i t y  and economic potent ia l ,  e.g., 
the growth enclaves of'depressed areas.  
po l l s f f  frequently a r e  small t o  medium-size 'towns t h a t  already a re  
absorbing surplus farm populations from t h e i r  hinter lands.  
t h e i r  proximity t o  poverty, these towns experience l i t t l e  d i f f i c u l t y  
i n  r ec ru i t i ng  semi-skilled o r  unskilled labor  from the  ranks of the 
unemployed. 
tend several  public services  r e l a t i v e  t o  the diseconomies t h a t  fre- 
quently exist with provision of such functions i n  l a rge  c i t i e s .  It 
a lso  i s  possible t h a t  new towns can be developed i n  r u r a l  areas t o  
explo i t  promising opportunities,  including recreat ional  a c t i v i t i e s ,  
A s  i n  the case of  developing countries, an ear th  resources survey 
system could make a useful  contribution t o  r u r a l  development--includ- 
ing r e l i e f  from excessive urban growth--by indicat ing geographic a reas  
f o r  po ten t ia l  resources development, par t icu lar ly  those places which 
have experienced pers i s ten t  poverty o r  unemployment levels above the 
nat ional  average. 
These so-called "growth 
Because of  
Moreover, most experience economies of s ca l e  a s  they ex- 
A-8 a 7 References : See Appendix B-8 
6. See B-8, i t e m  2, pp. 24-25, 
7 .  pp. 19-22. 





A-9.1 I n t r o d u c t i o n  
To t h e  pe r son  who r e a d s  the  l i t e r a t u r e  d e a l i n g  w i t h  
the  problems f a c i n g  educa t ion ,  i t  becomes obvious t h a t  
t h e  problem a r e a s  a r e  numerous and the approaches t o  
them even more numerous. W e  can d i s c u s s  the  t r o u b l e s  
of  a t o o - r i g i d  cur r icu lum,  t h e  l a c k  of  d e d i c a t i o n  i n  
many of our  t e a c h e r s ,  t h e  d i v e r s i t y  i n  background and 
c a p a c i t y  t o  l e a r n  i n  our  s t u d e n t s  or t h e  emphasis p l a c e d  
on s c i e n c e  and technology by s o  many i n s t i t u t i o n s ,  b u t  
under ly ing  a l l  o f  t hese  i s  the b a s i c  q u e s t i o n ,  does 
contemporary educa t ion  answer the  needs o f  contemporary 
l i v i n g  and i t s  u l t i m a t e  g o a l  of t h e  s u r v i v a l  and 
p r o g r e s s  of man? 
Thomas J e f f e r s o n  seems t o  have had  an  i n s i g h t  i n t o  
t h e  b a s i c  problem when he  sa id ,  "If a n a t i o n  expec t s  t o  
be i g n o r a n t  and f r e e ,  i n  a s t a t e  of  c i v i l i z a t i o n ,  i t  
expec t s  what neve r  was and neve r  w i l l  be." If a s t u d e n t  
cons ide r s  each  s t e p  o f  his educa t ion  a s  something t o  
t r a v e r s e  b e f o r e  s t a r t i n g  a new exper ience  i n  l e a r n i n g ,  
he h a s  l o s t  a l l  p e r s p e c t i v e  about  o b t a i n i n g  an  educa t ion  
that i s  meaningful ,  mind-expanding and d i r e c t e d  toward 
s o c i e t y ' s  problems. T h i s  p roduc t  of our  educa t iona l  
system h a s  no  more p o t e n t i a l  toward r each ing  a g o a l  of 
p r e s e r v i n g  mankind and moving mankind than a b r i c k  
w a l l .  A s  Thomas Braden1 h a s  s a i d ,  "The purpose of  
educa t ion  i n  our count ry  i s  a very  p r a c t i c a l  one. I t  
i s  t o  make s e l f  -government work." But se l f  -government 
can work on ly  a s  w e l l  a s  t h e  e d u c a t i o n a l  system a l lows  
i t .  F o o t l i c k 2  a t t r i b u t e s  t h e  fo l lowing  very  p r t inent  
quote  t o  P r o f e s s o r  Zachar ias :  lrA H i t l e r  o r  McCarthy 
could  n o t  s u r v i v e  i n  a s o c i e t y  which demands evidence 
which can be s u b j e c t e d  t o  examinat ion,  re-examinat ion,  
t o  doubt ,  t o  q u e s t i o n ,  t o  cross-examinat ion."  If an  
unfounded dogma o r  an o u t r i g h t  demagogue a t tempted  t o  
p e n e t r a t e  this s o c i e t y ,  i t  o r  he  would be found o u t  
and e l i m i n a t e d ,  
A-9.2 Funct ion  of  Thinkers 
d 
c o r o l l o r y  t o  this i s  t h e  f a c t  t h a t  our  s o c i e t y  
must l e a r n  and p r a c t i c e  due p rocess  i n  laws appl icable  
t o  a l l  i t s  e lements ,  Without due p r o c e s s ,  we have 
i n s t a n t  demagogery. Although n o t  a p p l i e d  t o  due p r o c e s s ,  
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Leo Rosten3 wrote a powerful  paragraph  on the  f u n c t i o n  
of the t h i n k e r  which r e a l l y  encompasses the  b a s i c  t e n e t s  
of due p rocess  ( i . e .  t o  s e a r c h  o u t  a l l  a s p e c t s  of t h e  
t r u t h ) .  Rosten wrote ,  "To me, t h e  func t ion '  of  the t h i n k e r ,  
t he  s c h o l a r ,  t h e  ph i losophe r ,  the s c i e n t i s t ,  o r  the 
t e a c h e r ,  i s  t o  cha l l enge  w h a t  seems f o o l i s h ,  o r  i r r a t i o n a l  
o r  wicked o r  even obvious; t o  s e a r c h  f o r  the  t r u t h ,  
n o  m a t t e r  where i t  l e a d s ;  and t o  t r y  t o  f ind  what i t  
i s - - n o t  what you want i t  t o  be ,  o r  hope i t  t o  be ,  o r  
p r e f e r  i t  t o  be.  To be an i n t e l l e c t u a l  means t o  have 
made a deep commitment of t h e  s e l f ,  t o  l ove  i d e a s ,  t o  
examine and explore  and t e s t  them, and even t o  t r y  
t o  f ind  t h e  c o n d i t i o n s  o r  t h e  exper imenta l  c o n d i t i o n  
i n  which your i d e a s  can be shown t o  be n o t  t r u e .  I n  
one s e n s e ,  no  experiment e v e r  f a i l s ,  f o r  i t  teaches  us 
t h a t  c e r t a i n  c o r r e l a t i o n s  do n o t  h o l d  up o r  do n o t  g ive  
us a n  expected r e s u l t ,  and i n  t h a t  they  have t augh t  
us something w e  d i d  n o t  know before ."  
A-9.3 The I n f l u e n c e  of Technology 
How does t echno log ica l  advance f i t  i n t o  t h e  func-  
t i o n i n g  of self-government? G .  T .  Seaborgb, s e e s  t h e  
seeming p l e t h o r a  of s c i e n t i f i c  and t echno log ica l  in-  
fo rma t ion  a s  a c r e a t i v e  e v o l u t i o n  he c a l l s  a " S c i e n t i f i c  
Revolu t ion , rT  t h e  r e s u l t s  of which w i l l  have tremendous 
i n f l u e n c e  on a l l .  He s t a t e s ,  1rSc5ence, a s  t he  c e n t r a l  
f o r c e  i n  this c r e a t i v e  e f f o r t ,  i s  i n t r i c a t e l y  i n t e r -  
woven w i t h  government i n d u s t r y ,  b u s i n e s s ,  and our  whole 
s o c i e t y  and environment.  Indeed ,  t h e  s u r v i v a l  of our  
new way of l i f e  depends upon the good h e a l t h  and ex- 
pans ion  of s c i e n t i f i c  e f f o r t .  . @ . . O u r  c r y s t a l  b a l l  
c o n t a i n s  l i t t l e  h in t  of t he  laws of n a t u r e  t h a t  w i l l  be 
d iscovered  i n  t h e  f u t u r e .  But w i t h  the knowledge of 
t he  p a s t ,  i t  i s  p o s s i b l e  t o  f o r e s e e  to .some l i m i t e d  
e x t e n t ,  the p o t e n t i a l  e f f e c t  of  t h e  s o c i a l  a p p l i c a t i o n  
of s c i e n c e  i n  the  f u t u r e . "  Seaborg s e e s  advances i n  
technology b r i n g i n g  a l l  forms of p e o p l e  toge the r  by 
probing  the  un ive r se  and the f a r  r eaches  of t h e  e a r t h  
and by i n t r o d u c i n g  a s  w e l l  a s  developing f o r m s  of mass 
communication n o t  known t o  p r e v i o u s l y  i s o l a t e d  s o c i e t i e s  
o r  t o  our  own. 
A-9.4 Ul t imate  Goals of Educators  
But what should  we communicate t o  the  people  of the  
world? What s h o U d  be he  h i g h e s t  aims of educa t ion  
u n i v e r s a l l y ?  A r i s t o t l e 5  argued f o r  p o l i t i c a l  educa t ion .  
"The c i t i z e n s  of a s t a t e  should always be educated t o  
s u i t  t he  con u t i o n  of t he  s t a t e .  The type of c h a r a c t e r  
a p p r o p r i a t e  t o  a c o n s t i t u t i o n  i s  the  power which con- 
t i n u e s  t o  s u s t a i n  i t ,  a s  i t  i s  a l s o  the f o r c e  which 
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o r i g i n a l l y  c r e a t e s  i t  and Raymond Engl i sh6  echoes 
this when he  s a y s ,  "The conc lus ion  t h a t  our  h e r i t a g e  
of c r e a t i v e ,  s p e c u l a t i v e  and e x p o s i t o r y  l i t e r a t u r e  
should  be  the  c e n t r a l  concern i n  t h e  educa t ion  of f r e e  
men h a s  been unescapable .  e Any t e a c h e r  who dodges 
t h e  i s s u e  of t h e  tension and a n x i e t y  of t h e  p o l i t i c s  
of freedom by r e s o r t i n g  t o  vague complacent a b s t r a c t i o n s  
l i k e  those  s e t  f o r t h  a n n u a l l y  i n  p r i z e  e s s a y s  on "Democracytr 
and ?'Why I l o v e  America," i s  unconsc ious ly  a c t i n g  the 
p a r t  of an  i n d o c t r i n a t o r  r a t h e r  than  t h a t  of an  educa tor  
i n  a f r e e  s o c i e t y , "  
Seaborg,' i n  t h e  p r e v i o u s l y  mentioned a r t i c l e  on 
t h e  " S c i e n t i f i c  Revolution" sums up what he  c a l l s  the 
l a r g e r  aims of this r e v o l u t i o n  thus ly :  "In my op in ion  
the l a r g e r  o b j e c t i v e s  of  h i g h e r  educa t ion  s t r i p p e d  t o  
their e s sence ,  a r e  a s  fo l lows:  f i r s t ,  t o  expand and 
a c c e l e r a t e  t he  p r o c e s s  of c r e a t i v e  e v o l u t i o n ;  and 
second t o  ensure  t h a t  this p r o c e s s  s e r v e s  and g i v e s  
f u r t h e r  meaning t o  t h e  modern. Western concept  of the 
i n d i v i d u a l  a s  t h e  f o c u s  of human va lues . "  Seaborg 
f e e l s  t h a t  t h e s e  o b j e c t i v e s  a r e  i n s e p a r a b l e  and equa l  
b u t  i t  i s  d i f f i c u l t  t o  conceive t h a t  t he  va lue  of the 
f i r s t  o b j e c t i v e  can  p e r s i s t  if t h e  second i s  n o t  mandatory 
and an an teceden t .  Without t h e  second o b j e c t i v e ,  t he  
f i r s t  could  decay i n t o  i n t e r e s t i n g  d a t a  c o l l e c t i n g .  
The va lue  judgements p l a c e d  on which d i s c i p l i n e s  
a r e  m o s t  u rgen t  t o  meet modern needs bo rde r s  on f a t u i t y  
s i n c e  s t r o n g  and equa l  c a s e s  may be made for v i r t u a l l y  
a l l ,  b u t  an  obvious need a p p l i c a b l e  t o  a l l  d i s c i p l i n e s  
and about  which something can be done i s  t h e  up-da t ing  
of t h e  methods o f  educa t ion .  I n  this r e g a r d ,  i t  may be 
a p p r o p r i a t e  t o  mention an  a r t i c l e  t h a t  anyone concerned 
w i t h  the fuhure  of educa t ion  should  r ead .  It  i s  e n t i t l e d ,  
"A Twen ty - f i r s t  Century Look a t  Higher Educat ion ,"  
w r i t t e n  by Alv in  C .  Eu r i ch .  E u r i c h  a t t empt s  t o  l o o k  
back i n  time from t h e  2 1 s t  Century and e v a l u a t e  t h e  
s t e p s  t h a t  took man t o  a b e t t e r  scheme of educa t ing .  
H e  assumes t h a t  the major d i f f e r e n c e  between f u t u r e  
schoo l s  and t o d a y ' s  i s  n o t  t he  ciirriculum b u t  what he 
c a l l s  t h e  use of 2ea rn ing  r e sources . "  B a s i c a l l y  this 
means t h a t  the techniques  and use of dev ices  f o r  teach-  
i n g  w i l l  improve s o  much t h a t  t h e  b e s t  t each ing  w i l l  be 
a v a i l a b l e  t o  a l l  s t u d e n t s  and i n s t r u c t i o n  w i l l  be adapted  
t o  i n d i v i d u a l  r a t e s  of l e a r n i n g ,  T h i s  i s  an  e n l i g h t e n i n g  
a r t i c l e  b u t  space p r e v e n t s  d e t a i l e d  review of i t .  
So where a r e  we? And which d i r e c t i o n  should w e  go 
i n  educa t ion?  I t  i s  s a f e  t o  day if modern man i s  t o  be 
e n l i g h t e n e d  by his  educa t ion ,  i f  he i s  t o  r e a c h  a l e v e l  
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of unders tanding  which w i l l  a l l o w  h'hn t o  make s e l f -  
government work, his i n i t i a l  t a s k  i s  t o  a b o l i s h  the 
myths by  which.we l i v e  and which lessen t h e  e f f e c t  of 
o u r  educa t ion  system. Some of t h e m  have been enumerated 
and b r i e f l y  d i s c u s s e d  by Leo Rosten3 i n  his  a r t i c l e  
p r e v i o u s l y  a l l u d e d  t o .  One myth can be mentioned t h a t  
seem apro  po%WAs Rosten p u t s  i t ,  t h e  myth that  
schoo l ing  i s  educa t ion ,  t h a t  eve ry  c h i l d  has a r i g h t  t o  
go t o  c o l l e g e ;  that  t h e  most impor tan t  t h i n g s  t h a t  
happen i n  c o l l e g e  a r e  e d u c a t i o n a l ;  t h a t  young people  
go t o  c o l l e g e  i n  o r d e r  t o  g e t  an  educa t ion ;  and tha t  
educa t ion  i s  the bes t  t h i n g  i n  t h e  world for everybody.' ' 
He a rgues  t h a t  t h e r e  i s  now and always w i l l  be a need 
for mechanics plumbers e t c . ,  and t h a t  many c h i l d r e n  
a r e  f o r c e d  i n t o  c o l l e g e  by their  p a r e n t s  who d e s i r e  t o  
g e t  r i d  of them or t o  g e t  t h e m  t o  an  environment where 
they  w i l l  meet a n i c e  boy or g i r l .  He argues  t h a t  I& 
i s  n o t  t he  on ly  s t a n d a r d  for guaging the va lue  of a n  
i n d i v i d u a l  t o  s o c i e t y .  W i t h  t h e s e  p o i n t s ,  i t  i s  h e a r t i l y  
agreed .  However, one can  q u e s t i o n  t h a t  young people  
do n o t  go t o  c o l l e g e  for an educa t ion  or t h a t  t h e  most 
impor tan t  t h i n g s  t h a t  happen i n  c o l l e g e  a r e  n o t  e d u c a t i o n a l .  
T h i s  seems t o  p l a c e  much of t h e  shortcomings of the 
system on t h e  s t u d e n t ;  t he  e d u c a t i o n a l  system may be 
more a t  f a u l t  h e r e  than t h e  i n d i v i d u a l ,  I t  seems t h a t  
most s t u d e n t s  a r r i v e  on campus i n  awe of c o l l e g e  and 
a r e  a roused  t o  l earn  and expand the i r  minds ,  b u t  t hey  
a r e  in t roduced  t o  a m u l t i t u d e  of f a c t s  i n  a r i f e  of 
coursework i n  a r e a s  that  a r e  f r e q u e n t l y  of l i t t l e  
i n t e r e s t  t o  t h e  i n d i v i d u a l ,  a l l  p r e s e n t e d  i n  a fo rma l ,  
and o f t e n  bo r ing  manner. This i s  g e n e r a l l y  n o t  conducive 
t o  expanding o r  s t i m u l a t i n g  t h e  mind .  
Margaret  Mead' a l s o  a sks  some q u e s t i o n s  tkiat 
provoke thought :  Why should  school  terms and l e n g t h  of 
school ing  be i n f l e x i b l e  if people  l e a r n  a t  d i f f e r e n t  
r a t e s ?  Why should t h e  i n i t i a l  school  age of a c h i l d  
be f i v e  or s i x  when some a r e  ready  for school  b e f o r e  
and some n o t  u n t i l  a f t e r  t h a t  age? Should the  f e d e r a l  
government assume more r e s p o n s i b i l i t y  for educat ion? 
Is  i t  t h e  r i g h t  of every  c h i l d  t o  r e c e i v e  more and 
more educa t ion?  Why c a n ' t  some of t he  b a s i c  s k i l l s  be 
t augh t  a t  home, e s p e c i a l l y  i f  the c h i l d  a t t e n d s  a "poor1' 
school?  Which l e a r n i n g ,  a t  which t i m e ,  by what methods 
belong i n  our schoo l s?  
A-9,5 Conclusions 
There a r e  o t h e r  q u e s t i o n s  and much r e t h i n k i n g  of 
answers t o  be done, b u t  i n  the f i n a l  a n a l y s i s ,  i t  
appears  t h a t  the educa tor  i s  s l o w  t o  change. He s t i l l  
attempts to plod along with many horse-and-buggy techniques 
attempting to apply them to the jet age. The problems 
of curriculum, of dedication, of incentive, of finances, 
of techniques, of dissatisfaction and dissent are all 
real enough, but it appears many of these are manufactured 
by our educational system and dispelling the myths with 
which we live by using our 3earning resources to a 
greater capacity may provide a& least the initial 
step toward an educational system that will answer 
the educational needs of modern man better. 
A-9.6 References: See Appendix B-9.  
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Appendix A-10 
POLITICAL AND LEGAL IMPLICATIONS 
A-10.1 I n t r o d u c t i o n  
The Space Age could be s a i d  t o  d a t e  from October 
1957 and the  s u c c e s s f u l  f l i g h t  of Spu tn ik  I .  J u s t  a s  the 
i n i t i a l  emphasis which encouraged the development of a i r -  
c r a f t  was f o r  m i l i t a r y  u s e s ,  r o c k e t r y  a t  f i r s t  tended 
t o  c o n c e n t r a t e  on guided  m i s s i l e s  and warhead payloads .  
Another p a r a l l e l  can be seen  i n  t h e  i n i t i a l l y  h i g h  c o s t s  
of p u t t i n g  a i r c r a f t  i n  t h e  a i r  and t h e  launching  of space- 
c r a f t .  For  example, i n  1909 a p l a n e  could  only  t r a v e l  
a t  about  43 mph w i t h  a p i l o t  and one passenge r .  
p l a n e  had a u s e f u l  l i f e  of about  30 hour s  and c o s t  
$30,000.  
o u t  t o  be something l i k e  $25 p e r  pas senge r  mi l e  o r ,  
i n  1960 d o l l a r s ,  $80 p e r  passenger  m i l e .  Today, t h e  c o s t  
of o p e r a t i n g  a j e t  a i r p l a n e ,  f l y i n g  more than 10 t imes 
a s  f a s t  and w i t h  a u s e f u l  range  of almost  la0 times 
what was p o s s i b l e  i n  1909, w i t h  100 t imes a s  many 
passenge r s ,  i s  on ly  a f e w  c e n t s  p e r  passenger  mi l e .  
S i m i l a r  p r o g r e s s  might be  a n t i c i p a t e d  i n  space .l 
The 
The c o s t  p e r  passenger  mf le  might  then turn 
Technology seems t o  have responded, i n  bo th  i n s t a n c e s ,  
p r i m a r i l y  because of what were cons ide red  u r g e n t  s e c u r i t y  
needs ,  r e a l  o r  imaginary,  and on ly  a f t e r  th i s  i n i t i a l  
demand was met, d i d  technology begin  t o  respond t o  needs 
of a more fundamental  and perhaps  more j u s t i f i a b l e  n a t u r e .  
The major  impetus for space technology i n  the  Uni ted  
S t a t e s  a t  p r e s e n t  i s  c i v i l i a n  and n o t  m i l i t a r y .  NASA i s  
a lmost  e n t i r e l y  n o n - m i l i t a r y  and accounts  f o r  about  70% 
of U,S. space e f f o r t .  Most n a t i o n s  of t he  world a r e  now 
i n  agreement that  space should  be used  f o r  p e a c e f u l  and 
n o t  f o r  m i l i t a r y  purposes ,  
Almost TOO space s h o t s  were made i n  the  f i r s t  
decade of the Space Age, i n c l u d i n g  a r t i f i c i a l  e a r t h  
s a t e l l i t e s  s e r v i n g  numerous and t e c h n i c a l  purposes ,  
manned space f l i g h t s ,  l u n a r  l a n d i n g s  , and probes i n t o  
o u t e r  space ,  The r a p i d  development of space technology 
has  a l r e a d y  c r e a t e d  numerous p o l i t i c a l  and l e g a l  problems 
and s t i l l  more a r e  bound t o  come. These must be r e s o l v e d  
1, See B-10 ,  I t em 1, pp. 13-14. 
through s t a t e smansh ip ,  m i l i t a r y  p o l i c i e s ,  diplomacy, 
and imag ina t ive  p l ann ing  i n  the f i e l d s  of i n t e r n a t i o n a l  
law and i n t e r n a t i o n a l  o r g a n i z a t i o n .  
Although l e g a l  and p o l i t i c a l  problems a r e  o f t e n  
c l o s e l y  i n t e r - r e l a t e d  and n o t  s h a r p l y  d i s t i n g u i s h a b l e  
from one ano the r ,  some degree  of s e p a r a t i o n  i s  warran ted  
on t h e  b a s i s  of  e s t a b l i s h i n g  b a s i c  p r i n c i p l e s  o r  ground 
r u l e s  f o r  t he  use  of o u t e r  space on t h e  one hand and 
e s t a b l i s h i n g  means of s e c u r i n g  coope ra t ion  i n  t h e  a p p l i -  
c a t i o n  and implementat ion of t hose  p r i n c i p l e s  through the  
use of e x i s t i n g  o r g a n i z a t i o n s  o r  t h e  c r e a t i o n  of new 
ones i n  the  n a t i o n a l  and i n t e r n a t i o n a l  community. 
A - 1 0 . 2  Or ig in  of Space Law and Proposed Models f o r  
Space Sove re ign ty  
The o r i g i n s  o f  space law a r e  t o  be found i n  t h e  
f i e l d  of i n t e r n a t i o n a l  law and, more s p e c i f i c a l l y ,  i n  
a i r  l a w  and the  law of t h e  s e a .  I n t e r n a t i o n a l  law i t -  
s e l f  stems l a r g e l y  f r o m  p r i n c i p l e s  o f  common law d a t i n g  
back t o  a n c i e n t  Rome. The P a r i s  Convention of 1919 f o r  
t h e  r e g u l a t i o n  of a i r  n a v i g a t i o n  claimed complete and ex- 
c l u s i v e  s o v e r e i g n t y  over t he  a i r s p a c e  above the  t e r r i t o r y  
of  eve ry  power o r  s t a t e  b u t  f a i l e d  t o  d e f i n e  what i s  
meant by r r a i r s p a c e r f .  I n  1944, t he  Chicago Convention 
was s igned  by a l l  of the major  powers excep t  t he  S o v i e t  
Union and Communist China and i t  r e - a s s e r t e d  the p r i n c i p l e  
o f  e x c l u s i v e  j u r i s d i c t i o n  over  the a i r s p a c e  above a 
n a t i o n ' s  t e r r i t o r y .  A n  a i r c r a f t  was de f ined  a t  th is  
time a s  "any machine which can d e r i v e  ?upport  i n  the 
atmosphere f r o m  r e a c t i o n s  of the a i r " .  
The q u e s t i o n  i s  s t i l l  unanswered a s  t o  the e x t e n t  
upwards a n a t i o n ' s  s o v e r e i g n t y  ex tends ,  . a l though many 
answers have been sugges ted .  One proposed by Hans 
Kelsen and known a s  the "pie-wedge" theo ry  h e l d  t h a t  t he  
zone would va ry  w i t h  t h e  r o t a t i o n  of the e a r t h  and the 
n a t u r a l  movement of o t h e r  c e l e s t i a l  bodies .  
Another i s  based  on the  n o t i o n  t h a t  a s t a t e  may 
c l a i m . s o v e r e i g n t y  over whatever a r e a  within which a s t a t e  
can make i t s  laws e f f e c t i v e  t o  t h e  exc lus ion  of a l l  
o t h e r  s t a t e s .  T h i s ,  too,  would r e s u l t  i n  a i r s p a c e  zones 
of vary ing  s i z e  dependent on a n a t i o n ' s  a n t i a i r c r a f t  o r  
antimigslle f i r epower  and assumes t h a t  m i g h t  makes r i g h t ,  
a d o c t r i n e  n o t  l i k e l y  t o  be accepted  by ve ry  many s t a t e s ,  
2. I b i d ,  g ,  116. -
It  i s  g e n e r a l l y  agreed  t h a t  a s t a t e  should have the  
r i g h t  t o  i t s  own a i r s p a c e  b u t  t h e  atmosphere can be h e l d  
t o  ex tend  t o  a s  much a s  20,000 m i l e s  above the e a r t h ' s  
suc face .  However, h a l f  of t h e  e n t i r e  mass of the e a r t h ' s  
atmosphere i s  l e s s  than 3% m i l e s  above t h e  e a r t h ' s  s u r -  
f a c e ,  Aerodynamic f e a t u r e s  which r e s u l t  i n  the f l i g h t  
of a i r p l a n e s  a lmost  completely d i sappea r  by about  50-60 
m i l e s  b u t  new h y b r i d  c r a f t  may be a b l e  t o  p a s s  back and 
f o r t h  a c r o s s  this "boundary", Thus, any p roposa l  f o r  
d i v i d i n g  a i r s p a c e  f r o m  o u t e r  space can n o t  be suppor ted  
by unchanging d a t a  of  s c i e n t i f i c  c e r t a i n t y .  The U.N,  
Committee on t h e  Peace fu l  U s e s  of Outer Space was unable  
t o  r e a c h  agreement on any d e f i n i t i o n  o f  o u t e r  space .  
T h e  U.S .  Government h a s  tended t o  f a v o r  a 25 m i l e  
l i m i t  by some w r i t e r s ,  and 52 m i l e s  urged by o t h e r s  a s -  
t he  "he igh t  a t  which c e n t r i f u g a l  f o r c e s  take  over".  
Andrew Hafey sugges ted  the "Karman l i n e " ,  a curve of 
a l t i t u d e  p l o t t e d  a g a i n s t  v e l o c i t y ,  connect ing the  p o i n t s  
a t  which aerodynamic f l i g h t  e f f e c t i v e l y  ends and 
c e n t r i f u g a l  f o r c e  t akes  over ,  approximately a t  an a l t i t u d e  
of 5 5 m i l e s ,  b u t  experime t a l  r o c k e t  p l a n e s  have a l r e a d y  
b l u r r e d  this d i s  t i n e  t i o n  3 
The lowes t  h e i g h t  a t  which a r t i f i c i a l  unpowered 
s a t e l l i t e s  can be p u t  i n t o  o r b i t  a t  l e a s t  once around 
t h e  e a r t h  h a s  a l s o  been urged a s  a p o s s i b l e  boundary- 
somewhere between 70  and 100 m i l e s ,  b u t  performance 
f i g u r e s  of some s a t e l l i t e s  r a i s e  the  p o s s i b i l i t y  of 
having a s i n g l e  s a t e l l i t e  s u b j e c t  t o  two d i f f e r e n t  l e g a l  
o r d e r s .  A u x i l i a r y  power sou rces  on s a t e l l i t e  v e h i c l e s  
would enable  them t o  o r b i t  a t  lower a l t i t u d e s .  
John Cobb Cooper, one of  t h e  p i o n e e r s  i n  the  s t u d y  
of space  law, sugges ted  a cont iguous zone between t e r r i -  
t o r i a l  a i r s p a c e  and o u t e r  space about  300 o r  600 m i l e s  
wide i n  which the  r i g h t  of i nnocen t  passage of  n o n m i l i t a r y  
c r a f t  would be p e r m i t t e d  as i n  the t e r r i t o r i a l  wa te r s  
of a s t a t e .  A d i f f e r e n t  p roposa l  would exempt from 
n a t i o n a l  t e r r i t o r i a l  s o v e r e i g n t y  a l l  c r a f t  which d e s c r i b e  
o r b i t a l  or s u b o r b i t a l  t r a j e c t o r i e s  
There is a l s o  a school  of thought  which a rgues  t h a t  
a d e f i n i t i o n  should  be concerned w i t h  space a c t i v i t i e s  
r a t h e r  than  space i t s e l f ,  The means used  o r  the purposes  
in t ended  a r e  o t h e r  d i s t i n c t i o n s  cons ide red ,  Another  source 
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of disagreement  a r i s e s  over the q u e s t i o n  o f  whether a 
d e f i n i t i o n  of a i r s p a c e  i s  u r g e n t l y  needed o r  whether i t  
might n o t  be d e s i r a b l e  t o  con t inue  ambiguit-y i n  d e f i n i n g  
t e r r i t o r i a l  and i n t e r n a t i o n a l  l i m i t s  t o  avoid  premature 
d e f i n i t i o n s  t h a t  could  prove inadequate  i n  the long  run. 
A-10.3 I n t e r n a t i o n a l  Working Agreements 
The q u e s t i o n  of n a t i o n a l  s o v e r i g n t y  i n  o u t e r  space 
h a s  a l r e a d y  been s e t t l e d .  The S o v i e t  Union s u c c e s s f u l l y  
l anded  n a t i o n a l  symbols on t h e  moon i n  September, 1959 
which might have been used  i n  suppor t  of c la ims  o f  sover -  
e i g n t y  b u t  a l l  t e r r i t o r i a l  c la ims were r e j e c t e d .  In  
October of the same y e a r  a S o v i e t  map of  t h e  f a r  s i d e  of 
t h e  moon based.,on photos  taken  a t  t h a t  time a s s igned  
Russ ian  names t o  most o f  t h e  major l u n a r  f e a t u r e s  h e r e  
b u t  i n t e r n a t i o n a l  agreement i n  1967 r e s u l t e d  i n  l u n a r  
names f o r  bo th  S o v i e t  and American d i s c o v e r i e s .  A wn- 
aminous U.N.  r e s o l u t i o n  i n  1961 r e j e c t e d  the  i d e a  of 
any sove re ign  c la ims  t o  c e l e s t i a l  bod ie s ,  In  a d d i t i o n ,  
i n t e r n a t i o n a l  law, i n c l u d i n g  the  U. N. C h a r t e r ,  were h e l d  
t o  app ly  t o  o u t e r  space and c e l e s t i a l  bodies  and the  p r i n -  
c i p l e  was e s t a b l i s h e d  of  f r e e  use o f  o u t e r  space  wi thou t  
o b j e c t i o n  by t h e  s t a t e  over  which a s a t e l l i t e  pas ses .  
The United S t a t e s  and t h e  S o v i e t  Union b o t h  announc- 
ment of t h e i r  i n t e n t i o n  n o t  t o  p l a c e  i n  o r b i t  n u c l e a r  
weapons o r  o t h e r  weapons. o f  mass d e s t r u c t i o n  was fo l lowed 
by an  unaminous U . N .  General  Assembly D e c l a r a t i o n  o f  Legal  
P r i n c i p l e s  Governing A c t i v i t i e s  of  S t a t e s  i n  t h e  Explora-  
t i o n  and U s e  of Outer  Space i n  December, 1963. The United 
S t a t e s  recognized  i t  a s  r e f l e c t i n g  i n t e r n a t i o n a l  law and 
l a t e r ,  i n  1967,  i t s  p r i n c i p l e s  were inc luded  i n  t h e  
Outer Space T r e a t y  of 1967. 
A r t i c l e  I p ledges  i n t e r n a t i o n a l  coope ra t ion  i n  space ,  
a l l  s t a t e s  be ing  equa l  i n  r i g h t s  and i n  t h e  enjoyment of  
f r e e  a c c e s s  t o  any a r e a  of any c e l e s t i a l  body. A r t i c l e  I1 
d e c l a r e s  t h a t  space i s  n o t  s u b j e c t  t o  n a t i o n a l  a p p r o p r i a t i o n  
and s p e c i f i c a l l y  i n c l u d e s  t h e  moon. A l l  s i g n a t o r i e s  
agreed  n o t  t o  s t a t i o n  i n  e a r t h  o r b i t  o r  on c e l e s t i a l  bodies  
any n u c l e a r  weapons o r  any o t h e r  k lnd  of weapons o f  mass 
d e s t r u c t i o n .  The es t ab l i shmen t  of m i l i t a r y  bases ,  i n s t a l l a -  
t i o n s  and f o r t i f i c a t i o n s ,  t h e  t e s t i n g  of any k ind  of  
weapons, and the conduct of m i l i t a r y  maneuvers on c e l e s t i a l  
bod ie s  was a l s o  banned. A l l  i n s t a l l a t i o n s  on the  moon 
and c e l e s t i a l  bod ie s  a r e  open t o  members of o t h e r  s t a t e s  
on a r e c i p r o c a l  b a s i s ,  p rovided  r easonab le  n o t i c e  i s  g iven .  
The T r e a t y  e s t a b l i s h e s  a s t r o n a u t s  a s  the ''envoys of 
mankind" and ex tends  t o  them t h e  t r a d i t i o n a l  c o u r t e s i e s  
g iven  t o  s e a f a r e r s ,  A l l  p a r t i e s  agree  t o  g ive  a s t r o n a u t s  
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a l l  p o s s i b l e  a s s i s t a n c e  and t o  warn t h e m  of p o s s i b l e  
danger ,  A s e p a r a t e  t r e a t y  on-the Rescue and Return  of 
As t ronauts  was subsequent ly  completed i n  December, 1967* 
Astronauts  or any space o b j e c t s  l and ing  u n i n t e n t i o n a l l y  
on the t e r r i t o r y  of a s i g n a t o r y ,  o r  on t h e  h i g h  s e a s ,  
a r e  a s s u r e d  of speedy a s s i s t a n c e  and r e t u r n  t o  t h e i r  home- 
l a n d s  * Expenses i n c u r r e d  a r e  r ecove rab le  from t h e  
launching  a u t h o r i t y .  Searching  o p e r a t i o n s  a r e  t o  be 
c o n t r o l l e d  by the h o s t  government however. 
Each s t a t e  i s  r e s p o n s i b l e  f o r  t h e  a c t i v i t i e s  of any 
of i t s  agencies  such a s  NASA, or of nongovernmental 
agenc ie s  l i k e  ComSat. In te rgovernmenta l  o r g a n i z a t i o n s  
such a s  the  European Launcher Development Organkzation 
(ELDO) a r e  t o  be h e l d  r e s p o n s i b l e  j o i n t l y  w i t h  each of 
t h e  s t a t e s  p a r t i c i p a t i n g  i n  the o r g a n i z a t i o n .  S t a t e s  
launching  o b j e c t s  i n  o u t e r  space become i n t e r n a t i o n a l l y  
l i a b l e  for damage beyond the s t a t e ' s  domestic bo rde r s  
and ex tending  t o  wherever the  danger may occur  from e a r t h  
through a i r s p a c e  t o  o u t e r  space and back.  
Ownership of  space o b j e c t s  and of pe r sonne l  i n  
space i s  r e t a i n e d  n a t i o n a l l y  b y  the  s t a t e s  kha t  a r e  
p a r t i e s  t o  t h e  T r e a t y  of January,  1967. Objec ts  found 
beyond the  l i m i t s  of t h e  r e s p o n s i b l e  s t a t e  a r e  t o  be 
r e t u r n e d  t o  t h e  owner on r e c e i p t  of p rope r  i d e n t i f i c a t i o n .  
The Uni ted  S t a t e s  s t i l l  h a s  no a u t h o r i t y  under? domestic 
law t o  o b t a i n  p o s s i s s i o n  of space d e b r i s  t h a t  f a l l s  on 
p r i v a t e  p r o p e r t y  however. 
A-10.4 Unresolved Problem Areas 
The q u e s t i o n  of damages i s  s t i l l  be ing  n e g o t i a t e d .  
Agreement i s  needed on how c o s t s  a r e  t o  be  sha red ,  how 
damage i s  t o  be measured, and which t r i b u n a l  i s  t o  ad- 
j u d i c a t e .  One engaging i n  an a c t i v i t y  invo lv ing  undue 
r i s k  t o  his  ne ighbors  i s  l i a b l e  f o r  any i n j u r y  which 
may t ake  p l a c e ,  even though t h e  a c t i v i t y  be l a w f u l ,  
accord ing  t o  p r e s e n t  l e g a l  d o c t r i n e  and t h e r e  a r e  a l -  
ready  som l e g a l  p receden t s  for this i n  i n t e r n a t i o n a l  
law 
Proof of f a u l t  i s  r e q u i r e d  i n  c o l l i s i o n s  of space-  
c r a f t  and governments, r a t h e r  t han  a i r l i n e s  would be 
l i a b l e .  John Cobb Cooper sugges ted  t h a t  each s t a t e  
c r e a t e  a gua ran tee  fund  t o  compensate i t s  own n a t i o n a l s  
and a c c e p t  the compulsory j u r i s d i c t i o n  of the  I n t e r n a t i o n a l  
Cour t  of J u s t i c e  s o  t h a t  the  s t a t e  could  e v e n t u a l l y  
r ecove r  from ano the r  s t a t e .  
T h i s  i d e a  was a l s o  sugges ted  by t h e  Counci l  of t h e  
Inter-American Bar Association in its so-called Magna 
Carta of Space adopted at Bo$ota' on February 3, 1961 
and an international insurance fund to provide for com- 
pensation was likewise recommended. 
Finally, consideration has been given to the rights 
of other sentient beings on celestial bodies that might 
be encountered by man, Andrew Haley, another pioneer 
in space law study, suggested what he called Metalaw. 
"DO unto others as they would have you do unto thern.{4 
A n  Ad Boc Committee on the Peaceful Uses of Outer 
Space was created in December, 1958 by the U.N. General 
Assembly and it concluded that "premature codification 
might prejudice subsequent efforts to develop the law 
based on a more com lete understanding of the practical 
p rob1 ems involved . tf F 
A-10.5 References: See Appendix B-10. 
4. _I_ Ibid, p .  128. 
5. Ibid. p. 131. 
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Appendix A - 1 1  
AGRICULTURAL NEEDS AND APPLICATIONS 
A - l l * l  I n t r o d u c t i o n  
The need f o r  a p p l i c a t i o n  of  remote sens ing  i n  t h e  
a r e a  of a g r i c u l t u r e  i s  w e l l  e s t a b l i s h e d .  Many s o c i e t a l  
problems can be d i r e c t l y  a t t r i b u t e d  t o  uneven d i s t r i -  
b u t i o n  of t h e  world L ’ D o ~  supply .  Hungry people  a r e  
never  c o n t e n t  t c  l i v e  b e s i d e  w e l l  f e d  people .  Ar, e s r t h  
r e s o u r c e s  survey  system can p b s s i b l y  be u t i l i z e d  t o  
inven to ry ,  p r e d i c t ,  and i n c r e a s e  t h e  p o t e n t i a l  for world 
food  p roduc t ion ,  and t o  a i d  i n  t h e  d i s t r i b u t i o n  of t h e  
food  supply .  
A n  o p e r a t i o n a l  e a r t h  r e s o u r c e  survey  system c o u l a  
be expec ted  t o  respond t o  t h e  need for prov id ing  
p e r i o d i c  a g r i c u l t u r a l  d a t a  on drought ,  d i s e a s e ,  i n s e c t s  
and o t h e r  i n f e s t a t i o n s  i n  a d d i t i o n  t o  c rop  i d e n t i f i c a -  
t i o n  and m a t u r i t y  d a t a .  
A - 1 1 . 2  Sampling of A g r i c u l t u r a l  Data Users  
The a g e n c i e s ,  g roups ,  and i n d i v i d u a l s  who would 
u t i l i z e  t h e  d a t a  i n c l u &  t h e  fo l lowing :  
1. A g r i c u l t u r a l  p roducers  
2.  Government agenc ie s  ( e f f i c i e n c y  and economy) 
a .  s o i l  conse rva t ion  s e r v i c e  
b .  economic r e s e a r c h  s e r v i c e  
c .  s t a t i s t i c a l  r e p o r t i n g  s e r v i c e  
3. I n d u s t r y  (demand f o r  d i s t r i b u t i o n  o f  a g r i c u l t u r a l  
chemicals  and f e r t i l i z e r s )  
4. I n t e r n a t i o n a l  a g r i c u l t u r a l  development agenc ie s  
( au tomat i c  surveys  of s o i l  and v e g e t a t i o n )  
5.  Research s c i e n t i s t  ( a g r i c u l t u r a l  economist,  
economic geographers ,  s o i l  s c i e n t i s t ,  l a n d  
use p l a n n e r s  ) 
6 e World f i n a n c i a l  s t r u e  t u r e  
It i s  n o t e d  t h a t  t h e  a g r i c u l t u r a l  i n t e r e s t s  would 
a l s o  be d i r e c t l y  se rved  by m e t e o r o l o g i c a l  and hydBologica1 
d a t a  t h a t  codld  be ob ta ined  a s  p a r t  of an e a r t h  r e s o u r c e  
survey  sys tem e 
A - l l , 3  A g r i c u l t u r a l  Data Needs and  Sensor  S e l e c t i o n  
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A-11.3.1 Introduction 
A review of the agriculture area indicates 
numerous basic and specific needs, and these are out- 
lined below. A paragraph synopsis is presented for 
each basic need area and where possible the sensor 
requirement is identifies. It is recognized that 
the monetary value of a need considered for aerial 
survey must not be the criteria for experiment selection. 
Basic scientific questions if answered expand scientific 
knowledge and ultimately lead to economic significance. 
Biological accomplishments should be identified in 
terms of new discoveries and insight o f  processes 
and occurrences in our environment Many observation 
and measurements are now gathered by ground surveillance 
or airplane, but spacecraft projection would be more 
complete and swift eliminating time as a variable. 
Data collection, accuracy in resolution, interpretatioq, 
and dissemination pose the aifficulties. 
A-11.3.2 Land Planning and Management 
Tone and color contrasts in visible and near 
infrared imagery are the items to be measured. Applicable 
sensors include infrared spectrometer, infrared radiometer- 
scatterometer, return beam vidicon camera, multi- 
spectral scanner, or metric mapping camera. Resolution 
of 100' seems feasible for the parameter measurements 
with a minimum coverage of twice annually. Harvest 
schedules need more frequent monitoring to coincide 
with seasonal variations in order to precisely time 
applTkation and distribution o f  chemicals and fertilizers. 
A-11 $3.3 Animal Inventory 
Continued aircraft survey would appear more 
feasible than spacecraft usage for animal inventory 
specific needs due to the high resolution requirements 
for individual animal counts or analysis. 
A-11 3.4 Grazing Inventory 
Texture, tone, intensity, and density appear to 
be parameters covering specific needs as forage utilization, 
litter accumulation, rodent damage, or reseeding areass 
Resolution of 100' or better using such sensors as a 
multispectral scanner, panoramic high-resolution camera, 
multiband synoptic camera, infrared imager or spectromktsr 
coGld be employed. Frequency of monitoring would be 
2 to 4 times per growing season. Needs concerned with 
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measuring wa te r  could b e s t  be  monitored by thermal  
i n f r a r e d  s e n s o r s  a t  a once or twice p e r  yea r  f requency .  
A - 1 1 . 3 . 5  S o i l  Analys is  
S o i l  a n a l y s i s  i s  needed for 1) i d e n t i f y i n g  p o t e n t i a l  
crop producing l a n d s ,  and 2 )  i d e n t i f y i n g  s o i l  d e f i c i e n c i e s  
t h a t  can be c o r r e c t e d  i n  o r d e r  t o  i n c r e a s e  crop y i e l d s .  
S o i l  c h a r a c t e r i s t i c s  can be  d i r e c t l y  r e l a t e d  t o  tone  
and c o l o r  c o n t r a s t s  of images i n  t h e  v i s i b l e  and n e a r  
i n f r a r e d  and by r a d a r  imagery. I n  a d d i t i o n ,  s o i l  
c h a r a c t e r i s t i c s  can be i n f e r r e d  f r o m  v e g e t a t i o n  types 
( s e e  crop census)  and f r o m  temporal and s p a t i a l  
v a r i a t i o n s  i n  s u r f a c e  temperature  a s  measured by 
i n f r a r e d  rad iometry  'and imagery i n  t h e  8--l3,4 band 
and by microwave rad iometry .  A f t e r  an i n i t i a l  g l o b a l  
survey ,  coverage every  5 - - 1 O  y e a r s  i s  s u f f i c i e n t .  
Cons iderable  ground t r u t h  i s  r e q u i r e d  t o  develop 
s i g n a t u r e s  f o r  s o i l  c h a r a c t e r i s t i c s .  More f r e q u e n t  
coverage may be needed i n  t h e  i n i t i a l  s t a g e s  when 
s i g n a t u r e s  a r e  be ing  v e r i f i e d .  A r e s o l u t i o n  o f  100 
f e e t  i s  r e q u i r e d .  
A-11 .3.6 Crop Census 
Crop census in fo rma t ion  could  be used for 1) 
e s t a b l i s h i n g  an  inven to ry  of world a g r i c u l t u r a l  c rops  
2 )  p l ann ing  and managing t h e  w o r l d  supply  of food  and 
f i b e r  ( h a r v e s t  p r e d i c t i o n s  dur ing  growing season ,  
d i v e r s i f y i n g  one-crop economies, e t c . ) ,  and 3 )  v e r i f y i n g  
fa rmer  compliance i n  government crop c o n t r o l  programs. 
A c rop  census w i l l  c o n s i s t  of t he  i d e n t i f i c a t i o n  o f  
crop type ,  q u a n i t y ,  boundary, v i g o r y  and s t a t e  of  m a t u r i t y .  
C'ensus conducted p e r i o d i c a l l y  w i l l  e s t a b l i s h  t h e  time 
dependent crop c h a r a c t e r i s t i c s  such as gmwth r a t e  
and crop r a t a t i o n  p a t t e r n s  
M u l t i - s p e c t r a l  imaging i n  t h e  .3--l.2/.- range  can 
be used t o  i d e n t i f y  v e g e t a t i o n  types  by the  use of crop 
s i g n a t u r e  a n a l y s i s .  Crop types can a l s o  be i n f e r r e d  
from s p a t i a l  temperature  d i s  t r i b u t f o n s  ob ta ined  by 
t h e  use  of i n f r a r e d  imagery and rad iometry  i n  the 8-- 
l3,fiband. A complete g l o b a l  census m e advantageous e 
Harves t  p r e d i c t i o n  programs w i l l  r e q u i r e  monthly coverage 
i n  s e l e c t e d  a r e a s  du r ing  t h e  growfng season.  Govern- 
ment crop c o n t r o l  programs w i l l  r e q u i r e  annual  coverage. 
Cons iderable  ground t r u t h  w i l l  be r e q u i r e d  i n  o r d e r  t o  
develop s i g n a t u r e s .  A r e s o l u t i o n  of  100-200 f e e t  i s  
r e q u i r e d .  
A - 1 1 , 3 , 7  S t r e s s  De tec t ion  
S t r e s s  d e t e c t i o n  c a p a b i l i t y  i s  d e s i r e d  i n  o rde r  
t o  opt imize  the world f o o d  and f i b e r  supply  through 
1) d e t e c t i o n  of s t r e s s  s o  t h a t  c o r r e c t i v e  a c t i o n  can 
be  taken  q u i c k l y ,  thus  minimizing crop loss, and 2 )  
p l ann ing ,  b o t h  p r i o r  t o  an dur ing  the  growing season ,  
t o  m i n i m i z e  t h e  e f f e c t  of crop s t r e s s  on t h e  world 
food  supply .  
F i r e  d e t e c t i o n  can be implemented t b o u g h  i n f r a r e d  
rad iometry  i n  the 3.5--5.5/band. In  a d d i t i o n ,  tem- 
p e r a t u r e  measurements and dry v e g e t a t i o n  cond i t ions  can 
be used  t o  i d e n t i f y  r e g i o n s  where f i r e  p o t e n t i a l  i s  
h i g h .  P o t e n t i a l  and e x i s t i n g  drought c o n d i t i o n s  can 
be i d e n t i f i e d  by measuring v e g e t a t i o n  s i g n a t u r e s  w i t h  
m u l t i - s p e c t r a l  scanners  e Diseased  and i n s e c t  i n f e s t e d  
c rops  can be  l o c a t e d  by the  use  of m u l t i - s p e c t r a l  
scanning  and a l s o  i n f e r r e d  from crop tempera tures .  
Crop tempera tures  can be measured by i n f r a r e d  rad iometry  
and imagery i n  the 8--13/band. F i r e  coverage f requency  
shou ld  be a t  l e a s t  s e v e r a l  t imes p e r  day dur ing  the 
d r y  season e Survey for d i s e a s e  and i n s e c t  I i n f e s t a t i o n  
should occur s e v e r a l  t imes dur ing  the growing season ,  
w i t h  a d d i t i o n a l  coverage i f  s i g n i f i c a n t  s t r e s s  i s  
d e t e a t e d .  Required r e s o l u t i o n  i s  100 f e e t .  
A - 1 1 . 3 . 8  Water Resources 
A de t e rmina t ion  of a v a i l a b l e  wa te r  r e sources  i s  
needed i n  o r d e r  t o  p r e d i c t  t h e  crop s i z e  a p a r t i c u l a r  
r e g i o n  w i l l  suppor t  dur ing  a season .  Snow bank volume 
can p o s s i b l y  be  measured w i t h  p a s s i v e  microwave systems e 
Determinat ion of s u r f a c e  wa te r  s u p p l i e s  a v a i l a b l e  f o r  
i r r i g a t i o n  and smal l  pongs f o r  wa te r ing  l i v e s t o c k  
can be i n v e n t o r i e d  by u s e  of imaging i n  the  v i s i b l e  
and n e a r  i n f r a r e d  band. S e v e r a l  snow bank measurements 
w i l l  be  r e q u i r e d  du r ing  the w i n t e r  and s p r i n g .  Sur -  
f a c e  water  i nven to ry  4--6 t i m e s  dur ing  t h e  growing 
season  i s  r e q u i r e d .  Reso lu t ion  of 1000 f e e t  i s  
probably  s u f f i c i e n t  
A - l l , 4  Re la t ed  A g r i c u l t u r a l  Areas 
A - l l . 4 . 1  Archaeology 
Sensors  i d e n t i f y i n g  a r c h a e o l o g i c a l  s i t e s  would 
r e q u i r e  h i g h  r e s o l u t i o n  b u t  w i t h  a moni tor ing  f r e -  
quency of  one.  D i s t i n g u i s h i n g  s t o n e  al ignments  or 
remains of e x t i n c t  c a n a l  systems cont inued  by a i r c r a f t  
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su rvey  u n t i l  r e s o l u t i o n  reaches  30 fee t  o r  less  i s  
recommended, Sensors  u s e f u l  i n c l u d e  m e t r i c  mapping 
camera, panoramic h i g h - r e s o l u t i o n  came a ,  n e a r  i n f r a r e d  
rad iometer  and image a 
F o l i a g e  d e n s i t y ,  dominant s p e c i e s ,  p l a n t  v i g o r  
and r e l a t e d  measuremen$s r e q u i r e  on ly  c o l o r ,  t e x t u r e  
o r  t o n e  d i s t i n c t i o n s  covered by thermal  i n f r a r e d  
s e n s o r s ,  or mult iband s y n o p t i c  cameras,  To d e l i n e a t e  
p l a n t  communitie$, dominant s p e c i e s  or s p e c i f i c  p l a n t s  
would b e s t  be accomplished by a i r c r a f t  w i t h  t h e  p r e s e n t  
s t a t e - o f - t h e - a r t .  
A-11.5 S p e c i f i c  A g r i c u l t u r a l  Data Needs 
GENERAL AREA SPECIFIC AREA 
s o i l  a n a l y s i s  g l a c i a l  d e p o s i t i o n  
bedrock f e a t u r e s  
t e x t u r e  
s o i l  phases  - p r o f i l e  
s o i l  c o n s i s t e n c y ,  
chemical  composi t ion 
PH 
s a l i n i t y  
p o r o s i t y  - p e r m e a b i l i t y  
t empera tu re  
t y p e s  
c r o p  census 
stress d e t e c t i o n  
s t a t u s  
d e n s i t y  
m a t u r i t y ,  y i e l d  
t y p e  
boundary 
growth r a t e  and changes 
c r o p  r o t a t i o n  p a t t e r n  
s l o p e  and c rop  row d i r e c t i o n  
f a l l o w  ac reage  
s o i l  and wa te r  tempera ture  
h a i l  
drought  
a i r  p o l l u t i o n  
wind 
f i r e  
d i s e a s e  l o c a t i o n  
d i s e a s e  r a t e  of sp read  
d i s e a s e  t y p e  
i n s e c t  i n f e s t a t i o n  
f l o o d  
weeds 
A-I.'Lm5je.; S p e c i f i c  A g r i c u l t u r a l  Data Needs ( c o n t  ' d )  
GENERAL AREA SPECIFIC AREA 
wa te r  r e s o u r c e s  
run o f f  
Boi l  c a p a c i t y  
snow volume 
l a n d  p lanning  & 
management 
animal  i n v e n t o r y  
g r a z i n g  i n v e n t o r y  
i r r i g a t i o n  
d r a i n a g e  
e r o s i o n  
r e c l a i m a t i o n  p r o f i l e  
a g r ,  chemical  d i s t r i b u t i o n  & 
product ion  f e r t i l i z e r s  and 
mine ra l  d e f i c i e n c i e s  
t e r r a i n  su rvey  - land forms 
h a r v e s t  schedule  - s e a s o n a l  
c a l c u l a t i o n s  
l i v e s t o c k  census 
l i v e s t o c k  d i s e a s e  
p o t e n t i a l  d e n s i t y  of herd  
l i v e s t o c k  age o r  s i z e  
l i v e s t o c k  sex r a f i o  
a r e a s  needing r e seed ing  
rodent  c o n c e n t r a t i o n  
s a l t  grounds 
l o c a t e  s p r i n g  and w a t e r i n g  s i t e s  
f e n c e s  
e v a l u a t e  f o r a g e  u t i l i z a t i o n  
l i t t e r  accumulation 
w a t e r  p u r i t y  - p o l l u t i o n  
ove rg raz ing  a r e a s  
A-11-6 S p e c i f i c  Data Needs of Re la t ed  ' A g r i c u l t u r a l  Areas 
GENERAL AREA SPEC1 FIC NEED 
archaeology 
b o t  any 
a r c h a e o l o g i c a l  excava t ion  s i t e s  
a n c i e n t  road & c a n a l  systems 
s t o n e  a l ignments  
foo t  t r a i l s ,  moats 
s p e c i e s  mapping and i d e n t i f i -  
p l a n t  i n d i c a t o r  for minera l  
d e l i n e a t e  p l a n t  communities 
dominant s p e c i e s  
c a t i o n  
l o c a t i o n  
i a g e  d e n s i t y  
v i  go r index  
cover  - accumulated l i t t e r  
A-11,7 Parameters 
One or more signature parameters needed f o r  each 
specific need include temperature, time, height, color, 
area size, texture, water concentration, tone, spatial 
distribution, bioluminescence, intensity, light, density, 
inclination, volume, repetitive cycle, and infrared 
radiance. 
A-11,8 References, See Appendix B-11- 
Appendix A-12 
FORESTRY NEEDS AND APPLICATIONS 
A-12,l I n t r o d u c t i o n  
There a r e  s i m i l a r i t i e s  i n  remote sens ing  of 
f o r e s t r y  r e s o u r c e s  and a g r i c u l t u r a l  r e sources  ( s e e  
Appendix A - 1 1 ) -  The approach employed h e r e  fo l lows  
t h a t  used i n  p r e s e n t i n g  t h e  summary in fo rma t ion  for 
the  a g r i c u l t u r e  d i s c i p l i n e  Appendix A - 1 1 .  A p a r a -  
graph  synops is  i s  g iven  for each b a s i c  need a r e a .  
A-12.2 Census 
A l l  t h e  s p e c i f i c  needs l i s t e d  i n  this g e n e r a l  a r e a  
could  be measured us ing  e lec t ro-magnet ic  r a d i a t i o n  i n  
the  v i s i b l e  and n e a r  i n f r a r e d  (.35-1.5~) range.  A 
camera o r  e q u i v a l e n t  imaging device  would be the p ro -  
bab le  senso r  Mu1 t i s p e c t r a l  imagery wouYd be r e q u i r e d  
t o  o b t a i n  s p e c i e s  s i g n a t u r e .  W i t h  c o l o r  s p e c t r a l  
a n a l y s i s  i t  i s  p o s s i b l e  t o  determine t o  what e x t e n t  t he  
l a n d  i s  u t i l i z e d  by f o r e s t r y ,  t o  d e t e c t  t he  s t a t e  of 
advancement of f o r e s t  growth, and when the  f o r e s t  
should  be ready  for h a r v e s t .  
A-12.3 S t r e s s  D e t e c t i o n  
I n f r a r e d  d e t e c t i o n  o b s e r v a t i o n  techniques  can 
i n d i c a t e  t h e  e a r l y  outbreak  o f  f o r e s t  f i r e s .  By c o l o r  
a n a l y s i s  techniques  i t  i s  p o s s i b l e  t o  d e t e c t  d i s e a s e  i n  
f o r e s t s .  From c o l o r  v a r i a t i o n s  by way of s i g n a t u r e s  an 
i n d i c a t i o n  of a p a r t i c u l a r  l i n e  of d i s e a s e ,  i n s e c t  in- 
f e s t a t i o n ,  drought ,  f l o o d  and wind s torm damage can be 
a s s e s s e d  i n  f o r e s t s .  
A l l  t h e  measurements Ln this a r e a  could  be measured 
i n  the  v i s i b l e  and n e a r  i n f r a r e d  range  us ing  a camera o r  
e q u i v a l e n t  imaging device .  
A- l2 ,4  S i t e  Q u a l i t y  
Texture ,  tone ,  hue,  and p a t t e r n s  of  t imber and 
v e g e t a t i o n  measured by v i s i b l e  and near i n f r a r e d  imagery 
coupled w i t h  i n fo rma t ion  a v a i l a b l e  on Vegeta t ion ,  s o i l s  
and s u r f a c e  tempera tures  fmn ground t r u t h  would a l low 
i n f e r e n c e  of s i t e  q u a l i t y  f o r  f o r e s t r y  needs.  
A i r c r a f t  survey  weald appear  more f e a s i b l e  than  
s p a c e c r a f t  usage f o r  w i l d l i f e  census,  b i r d  m i g r a t i o n  and 
t h e i r  n e s t i n g  a r e a s  due t o  t h e  h i g h  r e s o l u t i o n  r e -  
q u i r e d .  
Microwave r e f l e c t i o n s  i n  va r ious  frequency bands 
f o r  i n f e r r i n g  s o i l  type ,  mois ture  composition and p o r o s i t y  
measured by r a d a r  imagery could  be employed. 
A-12.5 Topography 
O p t i c a l  imagery w i t h  a camera o r  o p t i c a l  scanner  
would a l low mapping o f  h a u l  r o a d s ,  rock  c rops ,  r i v e r  
d r i v e  r o u t e s ,  e t c ,  t h a t  would f a c i l i t a t e  logging 
o p e r a t i o n s ,  Tone and c o l o r  c o n t r a s t s  would i n d i c a t e  
e r o s i o n  p o t e n t i a l ,  p o s s i b l e  new r e c r e a t i o n  a r e a s ,  and 
s i t e s  of  g r a v e l ,  sand,  and c l a y  f o r  road  and dam 
b u i l d i n g .  
A-12.6 Summary 
In  summary, the  most u s e f u l  s enso r s  f o r  f o r e s t r y  
and r e l a t e d  d i s c i p l i n e s  such a s  a g r i c u l t u r e ,  empibay 
thermal  i n f r a r e d  or photographic  imagery. Many s p e c i f i c  
needs  now d e s i r e d  w i l l  r e q u i r e  b e t t e r  s enso r  r e s o l u t i o n  
b e f o r e  a i r p l a n e  moni tor ing  techniques  can be t r aded  f o r  
s p a c e c r a f t .  The i d e a l  system would u t i l i z e  the  bes t  
combination of ground, a i r c r a f t ,  and s p a c e c r a f t  s ens ing  
c a p a b i l i t i e s  e 
A-l2,7 S p e c i f i c  Data Needs of F o r e s t r y  
GENERAL AREA SPECIFIC NEED 
census 
s t r e s s  d e t e c t i o n  
d e n s i t y  (crown c l o s u r e )  
type ( i n v e n t o r y ,  s p e c i e s )  
boundary of' f o r e s t  
t runk  diameter  
h e i g h t  of s t a n d  
growth increment of stand 
t r e e  malformation 
h a r v e s t  r a t e  
r e g e n e r a t i o n  r a t e  
f i r e  c o n t r o l  
d i s e a s e  l o c a t i o n  
d i s e a s e  r a t e  of  sp read  
d i s e a s e  type 
ins ec t inf e s  t a  t i  on 
f l o o d  
w i l d l i f e  census (ove rpopu la t ion )  
GENERAL AREA SPECIFIC NEED 
s i t e  q u a l i t y  
topography 
drought 
a i r  p o l l u t i o n  t r e n d s  
wind s t o r m  
cu tove r  survey  
seasona l  change ( l e a f  bloom 
and f a l l )  
annual  r a i n f a l l  
seamonal temperature  
s o i l  type ( p o r e  space )  
s p i l  f e r t i l i t y  
s o i l  m i n e r a l  con ten t  
humus dep th  
s o i l  mo i s tu re  
wa te r  t a b l e  
w i l d  l i f e  census (numbers 
b i r d  m i g r a t i o n  and n e s t i n g  a r e a s  
p r o f i l e  and cover change 
and t y p e s )  
h a u l  r o a d - - s t r i p  road  l a y o u t  
c h a r t  r i v e r s ,  c r e e k s ,  l a k e s  
c h a r t  rock  outcrops  
l o g  r o u t e s - - r i v e r  d r i v e  r o u t e s  
r i v e r  c o n t r o l  dam s i t e s  
s i t e s  of g r a v e l ,  sand ,  c l a y  
r e l i e f  of a r e a  ( s l o p e ,  r i d g e g )  
e r o s i o n  
i d e n t i f y  new r e c r e a t i o n  a r e a s  
for road  and dam b u i l d i n g  




A-13 a 1 
Geologic n a t u r a l  r e s o u r c e s  a r e  capable  of being  
used f o r  t h e  s a t i s f a c t i o n  of a wide v a r i e t y  of human 
wants.  Consequently,  improvements i n  t h e i r  l o c a t i o n ,  
i n v e n t o r y  and use  management i s  of r e a l  concern t o  
mankind. 
A-13.2 Types of Geologic M a t e r i a l s  
Energy m a t e r i a l s  i n c l u d e :  
1. O i l  and gas  
2. Coal 
3. Nuclear Fue l s  
4. Geothermal 
I n d u s t r i a l  m a t e r i a l s  i n c l u d e  : 
1. Metals  
2 ,  Chemicals ( s a l t ,  l i m e ,  s u l f u r ,  e t c . )  
Cons t ruc t ion  m a t e r i a l s  i nc lude :  
1. Stone  
2.  Sand and g r a v e l  
3. Clay 
A-13.3 R e l a t i o n  of Geology t o  Other D i s c i p l i n e s  
Geology i s  r e l a t e d  t o  a number of o t h e r  d i s c i p l i n e s  
among which the fo l lowing  a r e  e s p e c i a l l y  impor tan t :  
A .  Hydrology 
B e  Oceanography 
C e Cartography 
D .  Geodesy 
E .  Geography 
F Geophysics 
A-13.4 Geologrfc Needs and Know-How 
G e o l o g i s t s  a r e  p r o f i c i e n t  i n  the  i n t e r p r e t a t i o n  of 
photographs and maps, based on r e c o g n i t i o n  of s u r -  
f a c e  p a t t e r n s  and fea tures . ,  The use of non-ground- 
56 
I 
based remote s e n s o r s  i s  l a r g e l y  i n  the exper imenta l  
s t a g e .  The s p e c i f i c  needs for d a t a  which follow are 
b i a s e d  toward u s e f u l n e s s  t o  g e o l o g i s t s  i n  the  immediate 
f u t u r e .  
A .  S p e c i f i c  needs-sur face  f e a t u r e s  
1, 
2 .  
3 .  
4. 
S o i l s  
a .  c o l o r  
b e  water  c o n t e n t  
c .  izexture 
d .  topography 
e .  e lementa l  composition 
f minera l  composition 
g.  v e g e t a t i v e  cover  
h. d e n s i t y  
i e temperature  
Rocks 
a .  c o l o r  
b .  d e n s i t y  
c e e lementa l  composition 
d. m i n e r a l  composition 
e e topography 
f temperature  
Fo ld  and F a u l t  S t r u c t u r e s  
a .  movement 
b o  water  c o n t e n t  
c .  temperature  
d. topography 
Rock a l t e r a t i o n  zones 
a .  c o l o r  
b .  wa te r  c o n t e n t  
c .  e lementa l  composition 
d. mine ra l  composition 
e o  temperature  
B. S p e c i f i c  needs-subsurface f e a t u r e s  
1. thermal  
2. magnetic 
3 .  g r a v i t y  
4. se i smic  
A-13.5 Sensor  p l a t f o r m s  and times of  obse rva t ions  
A .  P l a t fo rms  
1, a i r c r a f t  
2 e ba l loons  
3. s h i p s  
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4. s a t e l l i t e s  
5. ground 
B, Time of  obse rva t ions  
1. r e l a t i o n s  t o  o r b i t  and sun-angle  
2.  r e l a t i o n s  t o  l o c a t i o n  
3. r e l a t i o n s  t o  phenomena 
A-13.6 References:  See Appendix B-13. 
Appendix A - 1 4  
GEOGRAPHY, GEODESY, AND CARTOGRAPHY 
A-14.1 I n t r o d u c t i o n  
The m o s t  p r e s s i n g  need i s  t o  o b t a i n  s u f f i c i e n t  da t a  
a t  the e a r l i e s t  p o s s i b l e  time which p rov ides  a c u r r e n t  
i n v e n t o r y  of our r e sources .  The obvious ques t ions  which 
a r i s e  a r e :  (1) Which d a t a  i s  necessa ry? ;  and ( 2 )  How 
o f t e n  should i t  be taken?; and ( 3 )  What q u a l i t y  i s  necesa ry  
t o  d i s  t i r q u i s h  the  in fo rma t ion  des i r ed?  Assuming these  
q u e s t i o n s  can be answered one i s  then  f a c e d  w i t h  t h e  
fo l lowing  d e c i s i o n s :  What i s  the  m i n i m u m  amount of d a t a  
and i t s  format  which w i l l  be u s e f u l  t o  the l a r g e s t  
audience? What a r e  the  c r i t e r i a  for p r i o r i t y  determi-- 
n a t i o n  i f  a l i m i t  i s  s e t  on the  amount of da ta  c o l l e c t e d ?  
Can the  b e s t  p l a t f o r m  f o r  i t s  c o l l e c t i o n ?  Once this  
l e v e l  of d e c i s i o n  making h a s  been made one i s  f a c e d  
w i t h  t h e  d e c i s i o n  r ega rd ing  d a t a  p rocess ing  and d i s -  
t r i b u t i o n .  Who i s  r e s p o n s i b l e  for disseminat ion  of t h e  
c o l l e c t e d  in fo rma t ion  and i n  what f o r m ?  
A - 1 4 . 2  Needs and P r o b l e m s  of Measurement 
From a geographer s g e o l o g i s t  I s and c a r  tographer  s 
p o i n t  of view t h e  measurements r e q u i r e d  a r e  q u i t e  
'rsimple. 'F I n  the  e l ec t romagne t i c  spectrum we can measure 
s p e c t r a l  or band r e f l e c t a n c e  of incoming energy; s p e c t r a l  
or band absorp tance  of incoming energy or s p e c t r a l  or 
band emission of energy., In  look ing  a t  th is  da ta  w e  
l o o k  a t  s p e c t r a l  or band i n t e n s i t y  and c o n t r a s t  a s  a 
means of s i g n a t u r e  a n a l y s i s .  The problem i s  i n  dec id ing  
which band o r  bands t o  use and how l a r g e  they  must be t o  
o b t a i n  the  d e s i r e d  s i g n a t u r e .  The f i r s t  d e c i s i o n  i s  t o  
dec ide  whether t o  s e l e c t  those  bands which c o n t a i n  the  
maximum in fo rma t ion  f o r  a maximum number of u s e r s  or t o  
s e l e c t  a s  many bands a s  p o s s i b l e  i n  hopes of prov id ing  
a s  much in fo rma t ion  a s  p o s s i b l e .  Obviously this d e c i s i o n  
cannot  be reached  u n t i l  s enso r  technology and s i g n a t u r e  
r e s e a r c h  h a s  p rogres sed  t o  a c e r t a i n  confidence l e v e l .  
The ; o t h e r  measurements r e q u i r e d  invo lve  time synchroni-  
z a t i o n  between e v e n t s ,  f requency  o f  obse rva t ion  and 
p o s i t i o n  measurements; a r e a  l o c a t i o n ,  r e l a t i v e  p o s i t i o n ,  
angu la r  l o c a t i o n  and a b s o l u t e  l o c a t i o n .  A c a r e f u l  
d i s t i n c t i o n  should  be made between g l o b a l ,  r e g i o n a l  and l o c a l  
measurements t o  opt imize t h e  f e a t u r e s  o f f e r e d  by s a t e l l i t e ,  
a i r c r a f t  and ground p l a t f o r m s .  A s  i n  any o p e r a t i o n a l  
system, the  c r i t e r i a  for d a t a  s e l e c t i o n  should be t h e  
59. 
u l t i m a t e  u s a b i l i t y  of t h e  d a t a .  To this e x t e n t  nobody 
can p r e d i c t  the u l t i m a t e  u s e r  o r  use  of the d a t a  b u t  
c e r t a i n l y  the  d a t a  format  s e l e c t i o n  should  c o n t a i n  
s u f f i c i e n t  in format ion  s o  that  i t  w i l l  be a v d f l a b l e  t o  the 
wides t  audience of u s e r s  f o r  f u r t h e r  p rocess ing .  More 
than  l i k e l y  the  d a t a  t r ansmiss ion  l i n k  between the  
s e n s o r  p l a t fo rm and d a t a  c o l l e c t i o n  c e n t e r  w i l l  be the 
u l t i m a t e  cons t r a i n t  e 
A s  f a r  as the c a r t o g r a p h e r  i s  concerned, a s  w e l l  
a s  o t h e r  u s e r s ,  t h e  f i r s t  need  i s  f o r  g l o b a l  mapping. 
On a g l o b a l  b a s i s ,  maps of t h e  medium s c a l e  (1:250,000: 
1,000,000)  would p rov ide  the  g r e a t e s t  amount of g e n e r a l  
i n fo rma t ion  concerning t h e  p h y s i c a l  f e a t u r e s  of t h e  e a r t h .  
The p h y s i c a l  f e a t u r e s  i n c l u d e  b i o l o g i c a l ,  g e o l o g i c a l  a s  
w e l l  a s  c u l t u r a l  f e a t u r e s .  The common parameters  t o  be 
viewed can be l i s t e d  a s  i d e n t i f i c a t i o n  o f  rock  types ,  
s o i l  types  and v e g e t a t i o n  types  f o r  the purpose o f  
l o c a t i o n  d i s t r i b u t i o n  and time v a r i a t i o n s .  In  a d d i t i o n  
these  and o t h e r  f e a t u r e s  ( i . e .  p o l l u t i o n ,  man-made a c t i v i t i e s  
and s t r u c t u r e s )  might  be r ecogn izab le  by one or more 
of t h e  parameters  measurable i n  t h e  e l ec t romagne t i c  
spectrum such  a s  tempera ture ,  mo i s tu re  c o n t e n t ,  s p e c i f i c  
chemical con ten t ,  e t c .  Regard less  of the map usage,  
a l l  maps a r e  concerned t o  one degree o r  the  o t h e r  w i t h  
a r e a s  and t h e i r  s p a t i a l  and q u a n t i t a t i v e  c o n t e n t .  
The g e o d e t i c  i n t e r e s t s  a r e  more r e f i n e d  and h i g h l y  
s p e c i a l i z e d .  Although he  can use most of the  d a t a  
a c c e p t a b l e  t o  the  g e o l o g i s t  and ca r tog raphe r ,  h is  needs 
r e q u i r e  g l o b a l  obse rva t ions  w i t h  a ccep tab ly  h i g h  r e s o -  
l u t i o n .  F o r t u n a t e l y  l o c a t i o n  and displacement  measure- 
ments i n  a gl,obal, sense  do n o t  r e q u i r e  f r e q u e n t  measure- 
ments * 
An a d d i t i o n a l  problem f a c i n g  t h e  ca r tog raphe r  and 
geographer i s  the  l a c k  of peop le  w i t h  t h e  a b i l i t y  
t o  i n t e r p r e t  and ana lyze  d a t a  ob ta ined  f r o m  a s a t e l l i t e .  
Most i n v e s t i g a t o r s  a r e  s k i l l e d  i n  r ead ing  and ana lyz ing  
a e r i a l  photographs s o  t h a t  e i t h e r  t h e  d a t a  e conver ted  
t o  a photographic  form o r  t h e s e  i n v e s t i g a t o r s  be r e -  
t a i n e d  t o  ana lyze  m u l t i s p e c t r a l  d a t a .  
The g l o b a l  o r  synop t i c  view ob ta ined  from o r b i t a l  
h e i g h t s  i s  an  a b s o l u t e  n e c e s s i t y  t o  o b t a i n  up-to-date  
maps which can be used t o  p r e d i c t  usage,  d i s t r i b u t i o n  
p a t t e r n s  t r e n d s  and i n v e n t o r i e s .  
In  d i s c u s s i n g  the advantages of an  o r b i t a l  p l a t f o r m  
i t  i s  obvious t h a t  a t  t hese  h e i g h t s  d i s t o r t i o n  due t o  
the  e a r t h ' s  c u r v a t u r e  i s  minimal and t h a t  t h e  f requency  
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of  obse rva t ion  of l a r g e  a r e a s  i s  g r e a t l y  inc reased .  
A - 1 4 . 3  Other C o n s t r a i n t s  
In  a d d i t i o n  t o  t h e  extreme senso r  r e s o l u t i o n  re -  
quirements  of g e o d e t i c s  t h e r e  a r e  o t h e r  sec.ondary r e -  
s t r i c t i o n s .  (1) The t r a c k i n g  s t a t i o n  l o c a t i o n s  must be 
a c c u r a t e l y  known within + 1 m ,  i n  g e o c e n t r i c  coord ina te s .  
( 2 )  The o r b i t  must be p r e d i c t a b l e  f o u r  t o  s i x  weeks 
ahead t o  +L 'angular  accuracy.  ( 3 )  O r b i t  a n a l y s i s  must 
be improvzd t o  provide  o r b i t  p e r t u r b a t i o n s  t o  +5 t o  + l o m e  
(4 )  The t r a c k i n g  system must be c a l i b r a t e d  t o  be a b l e  
t o  l o c a t e  t h e  s a t e l l i t e  t o  f- lOm. In summary a g e o d e t i c  
s a t e l l i t e  must: (1) Have tge a b i l i t y  t o  provide  p r e -  
c i s e  r e l a t i v e  and g e o c e n t r i c  l o c a t i o n s  of widely  
s e p a r a t e d  p o i n t s  on the  e a r t h  by ground t o  s a t e l l i t e  
measurement, ( 2 )  Have t h e  a b i l i t y  t o  provide  knowledge 
of the time i n v a r i a n t  and time v a r i a n t  g r a v i t a t i o n a l  
f o r c e s  and s u r f a c e  f o r c e s  a c t i n g  on s a t e l l i t e s  from p r e -  
c i s e  a n a l y s i s  of o r b i t a l  p e r t u r b a t i o n s  and by s a t e l l i t e  
borne g r a v i t y  sens ing  dev ices .  ( 3 )  Have the  a b i l i t y  
t o  provide  the  p r e c i s e  g e o c e n t r i c  l o c a t i o n  of a space-  
c r a f t .  (4)  Have the  a b i l i t y  t o  p rov ide  measurements of  
time i n v a r i a n t  and time v a r i a n t  a s p e c t s  of  v e r t i c a l  
geometry of oceans and l a n d  on a r a p i d  and con t inx ing  
b a s i s .  I t  seems obvious t h a t  t h e s e  needs w i l l  r e q u i r e  a 
s e p a r a t e  p l a t f o r m  i f  such  p r e c i s i o n  i s  t o  be a t t a i n e d .  
A-14.4 References:  See Appendix B-14. 
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Appendix A - 1 5  
OCEANOGRAPHY AND HYDROLOGY 
A - 1 5 . 1  Oceanography 
Other than for p u r e l y  s c i e n t i f i c  b e n e f i t ,  an opera-  
t i o n a l  e a r t h  r e s o u r c e s  system i s  d e s i r a b l e  and u s e f u l  
primarily f o r  b i o l o g i c a l ,  n a v i g a t i o n a l  and me teo ro log ica l  
i n fo rma t ion .  C o a s t a l  and s h o a l  mapping, c o a s t a l  p ro -  
c e s s e s ,  and perhaps marine m i n e r a l  r e sources  s tudPes 
would a l s o  b e n e f i t  from a conce r t ed  e f f o r t  t o  g a t h e r  
da t a  about  t h e  marine environment. 
Such a system would have t h r e e  l e v e l s  of da ta  
i n p u t ,  - v i z .  s a t e l l i t e ,  a i r c r a f t ,  and s u r f a c e  s e n s o r s .  
S a t e l l i t e s  can be expected t o  providg  r a p i d  s y n o p t i c  
i n fo rma t ion  on a s c a l e  of  about  1:lO I) More d e t a i l e d  
in fo rma t ion  i s  ve ry  p o s s i b l e ,  b u t  a t  a tremendous p e n a l t y  
for i n c r e a s e d  p rocess ing  t i m e ;  t h e r e f o r e ,  f o r  t h a t  
r e a s o n ,  and i n  p a r t i c u l a r  when one considezrs t he  e x t e n t  
of the ocean s u r f a c e ,  d e t a i l e d  in fo rma t ion  from s a t e l l i t e s  
i s  n o t  d e s i r e d ,  D e t a i l e d  s u r f a c e  r e s a l u t i o n  might be 
i n t e r p r e t e d  a s  1000 f e e t  o r  l e s s ,  average r e s o l u t i o n  a s  
2-4 m i l e s ,  and coa r se  r e s o l u t i o n  a s  10  m i l e s  o r  more. 
Hopefu l ly ,  u s e r s  w i l l  n o t  r e q u e s t  cont inuous cover-  
age.  A s  exper ience  i s  ga ined  i n  this a r e a ,  s t a t i s t i c a l  
sampling techniques  f o r  many purposes  should s u f f i c e .  
When such  a system i s  achieved ,  then  more d e t a i l e d  
s a t e l l i t e  sensed  i n f o m a t i o n  f r o m  a sampling a r e a  ( i . e .  
r e s o l u t i o n  down t o  - c a .  100') would be f e a s i b l e .  
Sensors  t o  be f l o w n  i n  s a t e l l i t e s  for oceanography 
purposes  should i n c l u d e  a m u l t i s p e c t r a l  v i s i b l e  sys  t e m ,  
e s p e c i a l l y  for blue-green s i g n a t u r e s ,  and a t  l e a s t  two 
i n f r a r e d  ( s o l a r - r e f l e c t i v e  and thermal )  channels .  From 
this in fo rma t ion  i t  should be p o s s i b l e  t o  in fer  chforop'hyll  
c o n t e n t ,  t u r b i d i t y ,  temperature ,  humidi ty ,  upwell ing,  
f i s h i n g  success  p r o b a b i l i t y ,  c loud cover  and type ,  
major c u r r e n t  l o c a t i o n ,  and g e n e r a l  weather  c o n d i t i o n s .  
(This i s  assuming c a n s i d e r a b l e  p r o g r e s s  i n  remote sensor 
d a t a  i n t e r p r e t a t i o n ,  p r i m a r i l y  f r o m  the  ERST program.) 
Buoy r eadou t  and r e l a y  c a p a b i l i t y  must be incorpo-  
r a t e d  i n  o r d e r  t o  o b t a i n  some d e t a i l e d  in fo rma t ion  
( h o p e f u l l y  t h e  l o c a t i o n s  of  t h e s e  buoys have been chosbmi 
t o  be s t a t i s t i c a l l y  s i g n i f i c a n t )  of s u r f a c e  and sub- 
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s u r f a c e  c o n d i t i o n s .  Buoy in fo rma t ion  i s  a l s o  needed 
for c a l i b r a t i o n s  of s a t e l l i t e  s enso r  in fo rma t ion ,  e .g .  
temperature  measurement s e n s o r s  may have f a i r l y  good 
s e n s i t i v i t y  ( a  few tenths of a degree)  but'  t h e i r  accuracy  
i s  poor  ( s e v e r a l  d e g r e e s ) .  
E a r l y  remote temperature  sens ing  w i l l  be by bolometers ,  
b u t  i t  i s  probable  t h a t  l a t e r  replacement  s a t e l l i t e s  
( e a .  1980) w i l l  use  microwave systems,  A l l  weather 
mzrowave and r a d a r  systems a r e  h i g h l y  d e s i r a b l e ,  b u t  
i s  q u e s t i o n a b l e  a s  t o  how many o f  t hese  devices  w i l l  be 
o p e r a t e a b l e  f r o m  s a t e l l i t e s  by 1975. If microwave 
systems become t r u l y  o p e r a t i o n a l  (GE & RCA Systems) 
by 1975, then a microwave s c a t t e r o m e t e r  o r  ( a  microwave 
r ad iomete r )  should  be flown for s e a  s t a t e  and temperature  
in fo rma t ion ,  
One s a t e l l i t e  i n  p o l a r  o r b i t  a t  a nominal 5'00nm 
a l t i t u d e  would r e p e a t  i t s  t r a c k  eve ry  seventeen  o r  
e i g h t e e n  days.  I t  would come c l o s e  t o  the  same r e g i o n  
eve ry  twenty-four hours  ( e a .  150 m i l e s  f u r t h e r  over  a t  
t he  equa to r :  c o n s i d e r a b l e o v e r l a p  n e a r  t he  p o l e s  e ) 
Two s a t e l l i t e s ,  twelve hour s  a p a r t ,  would provide  
d i u r n a l  coverage of t he  same a r e a s .  
Data g a t h e r i n g  s a t e l l i t e s  should  have analog com- 
p u t e r  c a p a b i l i t y  ( reprogramable by d i g i t a l  sys  tems ) t o  
recognize  cloud coverage s o  a s  t o  reduce the number o f  
f r u i t l e s s  r e p o r t s  due t o  e x c e s s i v e  c loud  cover ,  u n l e s s  
o f  c o u r s e ,  c loud  p i c t u r e s  a r e  wanted. 
Global  coverage by ea .  s i x  g e o s t a t i o n a r y  s a t e l l i t e s  
should  be inc luded  for c%hunication purposes .  Data 
c e n t e r  t o  s h i p s  a t  s e a  and a i r c r a f t ,  and f o r  d a t a  in-  
p u t ,  *. d i s t r e s s  c a l l s ,  l o c a l  weather ,  water  and a i r  
temperature  e tc . ,  s e a  s t a t e  i n fo rma t ion  p o s i t i o n  r e p o r t s ,  
and f i s h i n g  e f f o r t  and success  r e p o r t s .  These g e o s t a t i o n a r y  
s a t e l l i t e s  should have some meteorology c a p a b i l i t y ,  e .g .  
synop t i c  c loud  cover  and temperature  s e n s o r s .  In add i -  
t i o n ,  i f  s a t e l l i t e  t o  s a t e l l i t e  communication can be 
achieved ,  i t  i s  recommended t h a t  t h e s e  s a t e l l i t e s  a l s o  
have on board computers for some d a t a  r e d u c t i o n  
c a p a b i l i t y .  
A i r c r a f t  should  be employed on ly  i n  l o c a l  a r e a s  where 
more s p e c i f i c  i n fo rma t ion  i s  r e q u i r e d .  For example, over  
e x i s t i n g  f i sh ing  grounds (once  o r  twice  a day t o  once a 
week depending on s p e c i f i c  needs) and t o  exp lo re  new 
a r e a s  a s  i n d i c a t e d  by s a t e l l i t e  i n fo rma t ion ,  They w i l l  
a l s o  se rve  f o r  s e a r c h  and r e s c u e ,  and where needed f o r  
more d e t a i l e d  c o a s t a l  mapping, sediment t r a n s p o r t  
s t u d i e s ,  and some p o l l u t i o n  moni tor ing .  The senso r s  em- 
p loyed  would be  t h e  same a s  those  on s a t e l l i t e s ,  p l u s  
h a r d  copy and r a d a r  c a p a b i l i t i e s .  (Hard copy imagery 
i s  n o t  recommended from s a t e l l i t e s )  e 
For some a i r c r a f t  obse rva t ions  i t  i s  recommended 
t h a t  a r e a d i l y  a t t a c h a b l e  pod of  i n s t rumen t s  t o  common 
commercial c a r r i e r s  be i n v e s t i g a t e d  and developed. 
A-15,2 Hydrology 
For an  o p e r a t i o n a l  e a r t h  r e sources  d a t a  system, i t  
i s  recommended t h a t  e a r l y  hydrology needs t o  be coupled 
w i t h  those  o f  car tography,  f o r e s t r y  and a g r i c u l t u r e ,  
and meteorology. 
There i s  an  immediate need  f o r  a c c u r a t e  and complete 
mapping of wa,ter and i c e  boundar ies  of a s c a l e  of 
1:5 x 105 ( low a l t i t u d e  s a t e l l i t e  o r b i t  by microwave 
and i n f r a r e d  imagery w i t h  f 500' r e s o l u t i o n s )  and on a 
l:24,OOO s c a l e  for s e l e c t e d  r e g i o n s  ( a i r c r a f t  acqu i r ed  
in fo rma t ion  by r a d a r  or microwave and i n f r a r e d  
imagery with.510' r e s o l u t i o n ) ,  E l e v a t i o n  as. w e l l  a s  
h o r i z o n t a l  d i s t a n c e  i s  r e q u i r e d .  In con junc t ion  w i t h  
th is ,  complete mapping of ground cover ( a g r i c u l t u r e  and 
f o r e s t r y  m u l t i s p e c t r a l  i n f o r m a t i o n )  i s  r e q u i r e d  for 
purposes  of i n f e r r i n g  water  run off, evapora t ion  and 
t r a n s p i r a t i o n  r a t e g .  
Ground water  i n fo rma t ion  might be ga ined  by co- 
o p e r a t i v e  e f f o r t  w i t h  geo log ic  i n t e r e s t s .  (Mul t i -  
s p e c t r a l  imagery from a i r c r a f t  or s a t e l l i t e  and s u r -  
f a c e  se i smic ,  i n t e r p r e t a t i o n s )  e 
On a long  term b a s i s ,  hydrology and meteorology 
w i l l  have the  g r e a t e s t  d a t a  i n t e r c o u r s e .  Due t o  t h e  
f a c t  t h a t  me teo ro log ica l  i n t e r e s t s  a r e  and w i l l  be 
o r b i t i n g  weather s a t e l l i t e s ,  t h e r e  i s  no  reason  t o  
supplement t h a t  s ens ing  c a p a b i l i t y .  
Ground s e n s o r s  r eadou t  c a p a b i l i t y ,  - v i z .  r a i n -  
f a l l ,  s t ream h e i g h t ,  t u r b i d i t y  and f low r a t e  e t c . )  
shou ld  be l i m i t e d  t o  those  i n  remote r e g i o n s  only ,  
s i n c e  far U.  S .  coverage a lone  h y d c o l o g i s t s  a r e  t a l k -  
i n g  on the  o rde r  of 20,000 s t a t i o n s .  
I t  i s  hoped t h a t  a s t a t i s t i c a l  sampling method for 
ground s e n s o r s ,  and for s a t e l l i t e  sensed  d a t a  can be de- 
veloped,  o the rwise  t h e  da t a  hand l ing  problem w i l l  
become emense. 
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A-15.3 References: See Appendix B-15,  
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Appendix A-16 
IfAND-USAGE- AND RMfIONAL DETELOPMENT 
A - 1 6  1 Introduction 
Given the t i m e  and manpower cons t ra in ts  imposed on the 
preparation of t h i s  report ,  no attempt has been made t o  present a 
comprehensive l ist  o r  analysis  of land-use i ssues  o r  needs, 
a t ten t ion  i s  focused on those a reas  i n  which an in te rna t iona l  
resmrces  survey system conceivably could favorably o r  unfavorably 
influence land use from the standpoint of d i f f e ren t  countries.  
Since t h i s  system essen t i a l ly  will es t ab l i sh  a sophis t icated 
global data gathering program, i t s  value i n  improving the effect ive-  
ness of  planning and regulat ing land use w i l l  depend upon how 
rapidly usefu l  programs and pol ic ies  r e l a t ing  t o  land can be 
i n s t i t u t e d  from the relevant  information provided. 
how important the new data may be, i t s  usefulness t o  man r e s t s  
upon how ef fec t ive ly  i t  can be meaningfully u t i l i z e d .  
Rather3 
For no matter 
A-16.2 Some In te rna t iona l  Land-Use Considerations 
Before i t  i s  possible t o  conceive of a wholly economic 
u t i l i z a t i o n  of land resources on a global  basis,  o r  f o r  t h a t  
matter other  productive resources, a necessary prerequis i te  
would be the establishment of f r e e -  t rade  among nations,  including 
the elimination of a l l  ba r r i e r s  t o  the mobility of resources, 
A l l  forms of protection f o r  domestic indus t r ies  would have t o  
be removed, whether i n  the form of  t a r i f f s ,  quotas, embargoes, 
subsidies,  ca r t e l s ,  spec ia l  purchasing agreements, e t c .  I n  
addition, c a p i t a l  and labor  could not be prevented from flowing 
among regions and nations i n  such a way a s  t o  maximize the re turns  
t o  t h e i r  owners. 
While s ign i f i can t  progress has been made s ince the e a r l y  
1930's i n  reducing t rade bar r ie rs ,  pa r t i cu la r ly  among the members 
of  the General Agreements on Ta r i f f s  and Trade (GATT), there a re  
no immediate prospects of a t ta in%& these free trade and resources 
mobility conditions i n  in te rna t iona l  markets. Indeed, i n  the l a s t  
few years demands f o r  greater  protect ion have come from an 
increasing number of domestic indus t r ies  p a r t i a l l y  because of 
more intensive in te rna t iona l  competition occasioned by the 
movement to  freer t rade and the  rapid r a t e  of i ndus t r i a l i za t ion  i n  
such countries a s  Japan. 
bodies acquiesce t o  those d a novement t o  
protectionism would be establ ished,  Consequently, even 
i f  there were complete informatior, on the  locat ion,  qual i ty  and 
quant i ty  of all ea r th  resources, including human cap i t a l  and 
cap i t a l  stocks,.. ,together with global disklfbut ion of l a t e s t  
Should Congress and other l e g i s l a t i v e  
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technology, there  would remain sub-optimal a l loca t ion  of  resources 
over space occasioned by nat ional  laws and po l i c i e s  which l i m i t  
’ in te rna t iona l  f lows  of goods, services  and productive resources. 
There are ,  o f  course, s ign i f i can t  costs  which would occur with 
the  continued movement toward f r e e  t rade,  pa r t i cu la r ly  i n  the shor t  
run and i n  those countries t h a t  have severa l  important indus t r ies  
whose existence i s  dependent upon continuous protection. 
the  l o n g  run, f ree ing  t rade  w i l l  lend t o  more r a t i o n a l  production 
and exchange o f  output and grea te r  world production than could be 
obtained with protectionism. The value judgement t o  be made, then, 
i s  whether the  long run benef i t s  outweigh the shor t  run costs  o r  
vice versa i n  deciding upon world t rade  pol ic ies  from an interna- 
But  i n  
er 
While greater  information on the d i s t r ibu t ion  of ea r th  resources 
might have l i t t l e  immediate impacf, upon in te rna t iona l  t rade  and 
f ac to r  mobili ty po l i c i e s  among nations, it possibly could enable 
more accurate estimates of  t he  costs  occasioned by such pol ic ies ,  
pa r t i cu la r ly  i n  terms of the l o s s  of world output which might 
otherwise have been obtained i n  the absence of  these ba r r i e r s  
t o  the  f ree  f low of goods, services  and resource inputs.  More- 
over, t o  t he  people of underdeveloped and developing countries, 
who should be especial ly  concerned with economic effic5ency t o  
bo ls te r  o r  a t  l e a s t  maintain l i v i n g  standards, these costs  eduld 
r a i s e  ser ious questions regarding the  ways soc ie t ies  l i m i t  
productivity advance. 
Suppose, f o r  example, a commercially important mineral 
discovery occured i n  a low income country in te res ted  i n  development. 
With r i g i d  in te rna t iona l  t rade b a r r i e r s  i t  i s  conceivable t h a t  
the country could f ind  no fore ign  markets f o r  the  output 
resu l tan t  f rom development of the  resource and have l imited i n t e r n a l  
demand f o r  the  output. 
case have very l imited economic s ignif icance and could engender 
considerable ill w i l l  among nations in te res ted  Zn economic growth 
f o r  t h e i r  country. On the  other hand, suppose the  mineral 
resource i s  quickly and extensively exploited and sold without 
r e s t r a i n t  i n  the  in te rna t iona l  market. Such an event could 
ser iously depress the  world p r i ce  o f  t he  mineral which, i n  turn,  
could lead t o  f i s c a l  problems f o r  countries dependent upon export 
of  t h i s  output as a major source of fore ign  exchange, 
The discovery of the mineral would i n  t h i s  
The point i s  t h a t  extensive in te rna t iona l  discoveries of  
commercially important mineral o r  metal deposits over a shor t  
time period--a possible  r e s u l t  of a world-wide ear th  resources 
survey system--could f o s t e r  in te rna t iona l  tensions occasioned by 
the r e a l  o r  imagined d i s t r ibu t ion  of  economic benefi ts  and costs  
r e su l t an t  from such discoveries among countries.  
t h i s  i s  a shor t  run consideration and over time one could expect 
Admittedly, 
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world demand f o r  many resources t o  grow s u f f i c i e n t l y  t o  absorb 
the added supply without adverse p r i ce  Gffects.  
A-16.3 Proposing a Regional Development Program 
I n  a recent staff study ,Resources f o r  the h 0 u r e  f o r  the 
United Nations, the methodology i s  presented f o r  a research- 
t ra in ing  program i n  regional development 
lack of  knowledge about the  regional  development process and the 
scarc i ty  o f  persens- t ra ined i n  the a reas  of  regional planning, 
urban analysis, r u r a l  development and i n d u s t r i a l  development, 
pa r t i cu la r ly  i n  underdeveloped countries,  the program ant ic ipated 
an in-depth study of  between s i x  and twelve large-scale regional 
development e f f o r t s  combined with the t r a in ing  of  graduate students 
i n  such development-related a c t i v i t i e s  a s  those j u s t  mentioned, To 
the extent  t h a t  these s tud ies  could iden t i fy  f ac to r s  universal ly  
c r i t i c a l  t o  the success of  development programs, they would make 
an important contr ibut ion t o  the reso lu t ion  of  the population 
d i s t r ibu t ion  problems of maw low income countries.  More 
spec i f ica l ly ,  such countries need t o  develop new and/or expand 
ex is t ing  urban places with viable  economic bases i n  order t o  absorb 
redundant r u r a l  populations which present ly  cannot by accommodated 
e f f ec t ive ly  i n  major c i t i e s  because of  l imited job opportunities 
and urban s o c i a l  cap i t a l .  
report  t o  the United Nations succinct ly  observes: 
Given the notable 
A s  the  Resources f o r  the Future 
The high r a t e s  o f  na tura l  increase i n  these low income 
countries not only swell urban populations d i r e c t l y  but a l s o  
generate the r u r a l  population pressures which a r e  the  pr inc ipa l  
f a c t o r  i n  the massive f l o w  o f  migrants from the countryside 
in to  the c i t i e s .  I n  some rapidly growing countries,  the urban 
population threatens t o  double every twelve t o  f i f t e e n  years.  
I n  s p i t e  of  s t remous  e f fo r t s ,  however, t h e i r  economies have 
f a i l e d  t o  generate new employment r a t e s  su f f i c i en t  t o  match 
the growth r a t e s  of  the urban labor  force;  a t  the same time, 
public au tho r i t i e s  have not been ab le  t o  expand urban services  
and f a c i l i t i e s  t o  cope with the growing demand. It i s  not sur- 
pr i s ing  t h a t  soc i a l  problems have p r o l i f e r a t e  and t h a t  
p o l i t i c a l  unrest  and i n s t a b i l i t y  have spread, !i! 
In deciding which locat ions w i l l  be chosen f o r  developpent 
e f fo r t s ,  information on the  d i s t r i b u t i o n  o f  human and na tura l  
resources within nations would appear t o  be c r i t i c a l  i n i t i a l  s tep .  
Economic re turns  from publ ic  and p r iva t e  investment undoubtedly 
w i l l  be high i n  regions t h a t  possess a va r i e ty  of  commercially 
important na tura l  resources, including navigable waterways which 
connect the  areas  with important na t iona l  o r  in te rna t iona l  markets 
I n  such cases,  a multiproduct economic base (export market) can be 
1. See Appendix B-16, item 1 2 .  
2 ,  Ibid 9 Pa 29 
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developed t o  c rea te  job opportunities i n i t i a l l y  i n  the export 
sectors  which, i n  turn,  would generate demand f o r  l oca l ly  consumed 
services  which a r e  l i k e l y  t o  be labor  intensive i n  character,  
Moreover, as the  export market expands and the labor  fo rce  and 
population of  the  region grow, manufacturing a c t i v i t i e s  should 
appear not only  because of  the a v a i l a e  mater ia l  inputs and labor  
resources but also as a r e s u l t  of  the  growing regional market f o r  
such m t p u t s .  
i t s  growth a t t r a c t s  productive a c t i v i t i e s  c loser  t o  the ul t imate  
consumer and the region moves progressively toward greater  s e l f -  
suff ic iency through a process known a s  import subs t i tu t ion .  
t i m e , t b n ,  export a c t i v i t i e s  t h a t  s t a r t e d  the growth process 
tend t o  become l e s s  important and manufacturing, commercial, and 
service functions ascend i n  s ignif icance as important employment 
generators.  
I n  short ,  as the region expands i t s  exports, 
Over 
This discussion does not suggest reduced e f f o r t s  t o  improve 
ag r i cu l tu ra l  product ivi ty  and extend production of commodities, 
espec ia l ly  i n  those countries where semi-starvation d i e t s  a r e  
commonplace. To be sure, g rea te r  emphasis i n  agr icu l ture  i s  
important not only t o  r a i s e  l i v i n g  standards but a l s o  t o  employ 
more people i n  t h i s  sec tor  and s low massive migration t o  over 
crowded urban centers .  
development of t ranspor ta t ion  networks capable of  movfng agr icu l -  
t u r a l  outputs rap id ly  from areas  o f  surplus production t o  urban 
markets where food needs a r e  most pressing. 
would be heroic t o  contend t h a t  even l a rge  ag r i cu l tu ra l  development 
programs i n  many developing countries could absorb the rapidi;T 
expanding labor force,  Thus, the need t o  develop new urban 
centers with growth po ten t i a l  remains an important objective t o  
st imulate development. 
Pa r t i cu la r ly  important would be the 
Nevertheless, it 
A-16.4 Possible Constraints 
O f  course, many " s l i p s  t w i x  the cup and the l i p "  may i n h i b i t  
o r  even reverse the growth process crudely ou t l f i ed  above i n  a 
p a r t j c u l a r  region. 
ea r ly  s tages  o f  development, there i s  l i t t l e  chance t h a t  it w i l l  
become more than a marginal producer of raw mater ia ls  and considerable 
l ikel ihood ghost towns w i l l  emerge. 
occur i n  a region that depends on one export product r a the r  than 
on a m i x  of exports f o r  i t s  i n i t i a l  growth.3 
t i o n  i s  given t o  the prevention of  a i r  and water po l lu t ion  during 
the process o f  regional growth, firms that r e l y  upon a clean 
Should demand f o r  a region's exports drop i n  the 
But  t h i s  is more l i k e l y  t o  
Unless careful  a t ten-  
3 .  Lt: follows, then, t h a t  discovery and development of  addi t iona l  
commercially valuable mineral and metal deposi ts  in a region present ly  
dependent upon a s ing le  export is important t o  reduce the p o s s i b i l i t i e s  
of  cycliial s e n s i t i v i t y  of the area and s t imulate  i t s  growth. 
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atmosphere o r  high qua l i ty  water f o r  operations may seek t o  loca t e  
elsewhere thus reducing the regional growth poten t ia l .  
There i s  a l so  growing evidence of the avoidance of polluted 
areas by United S t a t e s  firms t h a t  require  highly sk i l led ,  scarce 
labor inputs  t o  produce, probably because of management concern t h a t  
they will not a t t r a c t  such labor  t o  environmentally i n f e r i o r  
locat ions.  Similarly,  a f a i l u r e  t o  provide qua l i t y  public services-- 
not only such economic overhead c a p i t a l  a s  roads, waterworks and 
sewage treatment 
l i k e  parks, l i b r a r i e s  and specialized educational facilities--may; 
deter  entrance of new firms. 
l a t e r  s tages  of growth where na tu ra l  resources a re  not a s ign i f i can t  
constraint  on firm locat ion.  What seems apparent, then, i s  tha t  
careful a t t en t ion  t o  the region 's  environment and continued stress 
on improvement of public f a c i l i t i e s  i s  necessary i f  the region i s  t o  
progress from a simple t o  complex economy. 
plants  but a l s o  soc ia l  overhead c a p i t a l  
This i s  more lgke ly  t o  occur i n  the 
A-16.5: Land Use Categories 
If the  operational ea r th  resources s a t e l l i t e  system includes the 
complete range of data acquis i t ion  modes (say, from on-site measure- 
ments t o  measurements from space) then many, i f  not  most, of the 
physical data needs can probably be m e t .  Two questions.often a r i s e :  
col lect ing each type of data;  and 2 .  i s  there a user  who i s  wi l l ing  
t o  pay the costs .  
' 1. which co l lec t ion  mode i s  most e f f i c i e n t  and/or economical f o r  
Clawson4 enumerates nine broad land use categories : 
1 e Residential  
4. Transportation, communication, and u t i l i t i e s  
5.  Trade 
6. U t i l i t i e s  
7. Cultural ,  entertainment, and recrea t iona l  
8, Resource production and ex t rac t ion  
9.  
2 , 3. Manuf a c tur ing 
Undeveloped land and water a reas  
These categories were u t i l i z e d  a s  the basis  f o r  out l ining land 
use data needs. 
explored s ince these categories seemed t o  f a l l  within the purview 
of the other  groups. 
Data needs of the l a s t  two categories were not  
4- See appendix B-16, i t e m  9 ,  p.  301 
7c ' 
A-16.6 Data Needs of These Categories 5 
I. Residental 






6 .  
7 .  
8. 




loca t ion  of a c t i v i t i e s  engaged i n  by residents  
trends i n  locat ion 
geological, hydrological, sociological,  e tc .  aspects 
t ransportat ion needs of  people; now; fu ture  
population density and locat ion 
a l t e rna t ive  land uses 
loca t ion  of building materials,  t ransportat ion 
r e n t a l  pr ices  and/or tenure 
loca t ion  of food and energy supplies and t ransportat ion 
sys t e m s  
a l t e rna t ive  res identa l  locat ions,  styles 
control  of  pol lut ion 
control  and u t i l i z a t i o n  o f  wastes 
B.  Value 
I ,  
1. loca t ion  
2. type 
3 ,  size/quantity 
4. 
5'. a c t i v i t i e s  of surrounding areas 
6. re la t ionship  t o  other ac t iv i t ies / loca t ions  
7. qua l i ty  of  surrounding property 
8. a l t e rna t ive  uses 
9 .  conformity t o  zoning requirements and other regulations 
s t a t e  of r e p a i r ,  s t r u c t u r a l  defects,  e t c .  
11. Manufacturing 
A .  Inventory of: f o r  property tax  purposes 
1. loca t ion  
2.  value 
3. type of land, land improvement 
4. re la t ionship  t o  surrounding a c t i v i t i e s  
5.  conformity t o  zoning requirements and other regulations 
B Urban planning (expansion and/or renewal) 
1. 
2.  
3 a t ransportat ion needs 
4 geological, hydrological, e tc .  aspects 
5.  current land uses 
loca t ion  of employees (and t rends)  
loca t ion  of re la ted  a c t i v i t i e s  (and trends) 




8. population dens i ty  and loca t ion ,  t rends 
9 .  l oca t ion  of building mater ia ls / t ransportat ion 
s u i t a b i l i t y  of  p a r t i c u l a r  land areas  f o r  pa r t i cu la r  uses 
detection and control  of resource pol lu t ion  
C a Improving t ranspor ta t ion  pa t te rns  
1. loca t ion  of vendors 
2. loca t ion  of vendees 
3 
4 cur ren t  transporka t i o n  pa t te rns  
5 .  
6. t r a f f i c  pa t te rns  of employees 
volume/weight, e t c  e of materials movement 
i n t r a n s i t  routing and rerouting of materials 
D. Detection/controlCof pol lu t ion  
1. amounts and types of po l lu t ion  - a i r ,  l iqu id ,  so l id ,  
2.  p+esent disposal  systems 
noise 





5 .  
6. 
7 .  
8. 











labor  market, a v a i l a b i l i t y ,  s k i l l s  
a v a i l a b i l i t y  of raw mater ia l s  
type, quant i ty ,  r e l i a b i l i t y ,  e t c ,  of t ranspor ta t ion  
sys tems 
u t i l i t i e s ,  types, quan t i t i e s  
land improvements 
security/protection 
education and r e l i g i o n  
c u l t u r a l  f ac to r s  
a t-ti tude of  people 
zoning 
a v a i l a b i l i t y  of buildings--quality, e t c .  
geological aspects  
loca t ion  of building mater ia ls ,  qua l i ty ,  t ranspor ta t ion  
trends i n  p lan t  loca t ions  
loca t ion  of r e l a t ed  indus t ry  
F. Planning f o r  i n d u s t r i a l  l oca t ion  
1. 
2.  cur ren t  uses of land 
3. 
s u i t a b i l i t y  of land f o r  various uses 
cur ren t  and planned/feasible t ranspor ta t ion  system 
I I I A ,  Transportation 




3 .  
4. 
5 .  
6 .  
7 .  
8. 
9 .  
10. 
11. 
amounts of  items t o  be moved, ~ i g h t ,  e t c .  
per i shabi l i ty  of item 
geological fac tors  
loca t ion/transporta t i on  of building materials 
population locat ion and density 
in te r re la t ionship  with urban planning, u t i l i t i e s ,  e tc .  
current inventory, including f a c i l i t y  size, t r a f f i c  
loads 
e f fec ts  of environmental conditions on t r a f f i c  
pat terns  
storage, maintenance of the various means of t rans-  
porta t i o n  
loca t ion  of entrances ex i t s ,  terminals 
costs  benefi ts  
B, Detwction and control/avoidance of hazardous conditions 
1. loca t ion  
2.  nature  of hazard 
3. duration of hazard 
4. a l t e rna t ive  routes 
5’ e dispatch of emergency/repa%r f a c i l i t i e s  
C. Traf f ic  control 
1, volume, density 
2.  stoppages, slowdowns 
3. a l t e rna te  routing 
D Mapping/inventory of t ransportat ion systems 
1. locat ion 
2 .  type 
3. qua l i ty  
4. volume o r  density handling capab i l i t i e s  
IIIB . Comunica t ions 
A .  Planning communtcation networks 
1. qual i ty ,  quantity,  types of messages 
2, t r a f f i c  pat terns  
3 .  geological, topological features  
4, protect ion from na tura l  and man-made hazards 
B .  Inventory of f a c i l i t i e s  
1. loca t ion  
2 .  type 
3. s t a t e  of r e p a i r  
4. quant i ty  
5. value 
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C.  Detection of breakdowns 
1. loca t ion  
2. cause 
3 .  extent  
4. temporary a l t e rna t ive  routing 
5.  dispa tching/control of repa i r  f a c i l i t i e s  
I I I C .  Other u t i l i t i e s  (water, e l e c t r i c i t y ,  gas) 
A .  Planning transmission networks 
1. loca t ion  of possible sources, including t o t a l  quantity 
2. loca t ion  of  demands, time series of demand 
3. loca t ion  of current  sources and transmission networks 
4. geological, topological fea tures  
5 .  
6. quantity,  density, location, e t c . ,  of pol lut ion and 
7. 
8, s a f e t y  
9 .  pollution, prevention and/or control 
and density 
protect ion from na tu ra l  and man-made hazards 
waste disposal  methods and/or areas  
loca t ion  of su i tab le  storage areas (including quant i t ies )  
B. Inventory of f a c i l i t i e s  
1. loca t ion  
2.  type 
3. s t a t e  of  repa i r  
4. quant i ty  
5. value f o r  tax purposes (market, highest  use, e tc . )  
6. conformity t o  zoning requirements and other  requirements 
C .  Detection o f  breakdowns, leakage, e t c .  
1. locat ion 
2.  cause 
3 .  extent  
4. ltemporary patching/bypassing 
5, dispa tching/control of repakf f a c i l i t i e s  
D. Location of po ten t ia l  energy 
1. hydroelectr ic  
2.  o i l  
3, coal 
4. gas 
5.  geothermal 
I V .  Trade 
. -  
A ,  Impact of new shop/shopping center on shopping behavior 
1. quant i ty  of customers 
2.  volume of business 
3 .  
4. shopping pat terns  of people 
densi ty  of population i n  surrounding area 
B. Estimation of  value f o r  paoperty tax  purposes 
1. locat ion,  s ize  
2.  type 
3 .  s t a t e  of repa i r  
4. re la t ionship  t o  surrounding a c t i v i t i e s  and customers 
5. conformity t o  zoning and other regulations 
C .  Rehabili tation of  cen t ra l  business d i s t r i c t  
VA. Services (non-government) 
A e Location planning 
1. population locat ion and density 
2.  volume of  service demanded 
3. types of service demanded, l e v e l  
Be Inventory of property and estimation of value 
1. loca t ion  
2 .  quant i ty  
3. type 
4. s t a t e  of repa i r  
5. 
6. income 
re la t ionship  t o  surrounging a c t i v i t i e s  and customers 
vs , Services (government) 
A .  Planning government services,  f a c i l i t i e s  locat ion 
1. types of  service required 
a .  soc i a l  
b. employment 
c. police 
d ,  f i r e  
e.  hea l th  
quantity/quali ty of service required 
a l t e rna t ive  methods o f  providing same service 
2 e 
3 ,  topological features  
b e  
5. evaluation of  methods 
B Detection/control of f i res  and other dangerous events 
(floods,  earthquakes, epidemics, smogs, underground f i r e s )  
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1. loca t ion  
2. type 
3 .  exten t  
4. 
5 .  movement and t rends 
dispatching and rout ing of vehiclesj’etc. 
C .  Mi l i ta ry  













i d e n t i f i c a t i o n  of blighted areas  
slum clearance programs 
urban renewal 
r e h a b i l i t a t i o n  of gray a reas  
improvement o f  t ranspor ta t ion  systems 
construction of public buildings (and inspection 
na t iona l  parks, h i s t o r i c a l  s i t e s ,  e t c .  
renewal of cen t r a l  business d i s t r i c t  
provision of hea l th  and sa fe ty  f a c i l i t i e s  
t ranspor ta t ion  sys terns 
administration of research and o ther  grants 
regional  planning 
thereof)  
E. Establishing zoning and o the r  regulations ( san i t a t ion ,  
hea l th ,  u t i l i  t ies) 
1. inventory of land uses 
2 .  i n t e r r e l a t ionsh ips  between r e s iden t i a l ,  i ndus t r i a l ,  
t rades ,  recrea t iona l ,  e t c .  
3. geological/topologicaI f ea tu res  
be  hea l th  and sa fe ty  
F. Estimation of taxes and expenditures 
G. Detection and cont ro l  of pollution 
1. composition and density of  discharged materials (gaseous, 
l i qu id ,  so l id )  
2.  r e la t ionship  t o  and e f f e c t  on surrounding land and 
a c t i v i t i e s  
3. noise  pol lu t ion  
4. thermal pol lu t ion  
5 .  l oca t ion  of rrdumpingff areas  
6. de tec t ion  and loca t ion  of insec t ic ides ,  pes t ic ides ,  e t c .  
(including concentrations, trends, e t c  , ) 
7. de tec t ion  of radioactive substances and leakages 
8. “The U. S. Public Health Service c l a s s i f i e s  po l lu tan ts  





K .  
L.  
M. 
N .  
0 .  
ongen-demandhg wastes 
in fec t ious  agents 
p l an t  nu t r i en t s  
organic chemicals 
o ther  minerals and chemicals 
sediment from land erosion 
radioact ive substances 
hea t  from industry."6 
Provision fcm waste disposal  (sewage, garbage, e tc . )  
1. type, locat ion,  volume 
2.  geological,  topological,  hydrological, e tc .  aspects  
Provision of water 
Protection from crime, violence 
Frotect ion of l i b e r t y ,  re l ig ious  freedom 
Prediction services  (weather, smog, floods,  sea s t a t e s ,  
water t ab le s  agr icu l ture)  
Data processing 
Detection and cont ro l  of human, animal, and vegetable 
d i s  ea s es 
1. loca t ion  
2. type! 
3. dens i ty  
Research i n  h i s t o r i c a l  geography 
V I .  Cul tural ,  entertainment, and recrea t ion  
A .  Inventory 
1. l oca t ion  
2. q u a l i t y  
3. quant i ty  
B. Planning 
1. inventory 
2. demands--type, level, quant i ty ,  density, time 
3.  l oca t ion  of f e a s i b l e  areas  
4. geological/ topological aspects  
5. i n t e r r e l a t ionsh ip  with other  human a c t i v i t i e s  
6. See B-16, i t e m  4, p .  53 
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6. preservation of  some areas f o r  fu ture  recreat ional  
development 
7. t r a f f i c  pat terns  
8. a l t e rna t ive  uses 
A-16, 7 References : See Appendix B-16. 
Appendix A-17 
SOCIAL PROBLE S AND TECHNOLOGICAL SOLUTIONS 
A-17-1 Unforeseen B e n e f i t s  of E a r t h  Resource Survey S a t e l l i t e s  
The i n i t i a l  r r w  d a t  compiled from e a r t h  r e sources  c o l -  
lectedffkom t h e  f i r s t  e e r t h  r e source  s a t e l l i t e s  may be i n f o r -  
mat ive t o  y e t  unknown and u n r e l a t e d  q u e s t i o n s ,  We simply 
do n o t  know t h e  a p p l i c a t i o n s  and i n s t i t u t i o n s  t h a t  could 
r e l a t e  o r  b e n e f i t  from t h e  s a t e l l i t e  d a t a  u n t i l  t h e  d a t a  i s  
c o l l e c t e d  and t a b u l a t e d  then  channeled t o  a s  y e t  unanswerable 
q u e s t i o n s ,  If p l a n t  pathogens can be l a b e l e d  v i a  s a t e l l i t e  
and t h e i r  p a t h  of d e s t r u c t i o n  fo l lowed through an a g r i -  
c u l t u r a l  c r o p ,  animal  pathogens os human epidemics might 
a l s o  be c h a r t e d  and fo l lowed from t h e  sou rce  of o r i g i n ,  Data 
of topography, weather ,  o r  any one of t h e  e a r t h  r e s o u r c e s  
s i n g l y  o r  i n  s p e c i f i c  combination might c o r r e l a t e  t o  a new 
s t r a i n  of i n f l u e n z a .  The p a t h  of t he  d i s e a s e  might  be c h a r t e d  
by e x a c t  combinat ions of d a t a  monitored by an e a r t h  r e s o u r c e  
s a t e l l i t e  such a s  t empera tu re ,  topography,  r a i n s a l l ,  p o p u l a t i o n ,  
d e n s i t y  o r  even v e g e t a t i o n  d e n s i t y  and t y p e ,  To p r e v e n t  an- 
o t h e r  occur rence  of t h e  epidemic,  i t  might be f e a s i b l e  t o  
t r y  t o  e l i m i n a t e  t h e  s p e c i f i c  combination of monitored e n t i t i e s  
i n  be ing  r e - e s t a b l i s h e d ,  I t  i s  d e s i r a b l e  t o  c o l l e c t  wide ly  
v a r i e d  and u n r e l a t e d  e a r t h  r e s o u r c e  d a t a  then  massage t h e  
d a t a  i n t o  e n d l e s s  combinat ions and d i r e c t  t h e  in fo rma t ion  
t o  e n t i r e l y  u n r e l a t e d  q u e s t i o n s  i n  o r d e r  t o  b e n e f i t  s o c i e t y  
and s o l v e  problems h i n d e r i n g  t h e  p r o g r e s s  of s o c i e t y ,  There 
i s  danger  t h a t  t h e  combined d a t a  m i g h t  become contaminated 
w i t h  human l i m i t a t i o n s  and misconcept ions ,  The problems 
of concern migh t  be medica l ,  s o c i a l ,  economic, even p o l i t i c a l .  
The problems m i g h t  be unknown and n o t  r evea led  u n t i l  an o r b i t a l  
s a t e l l i t e  c o l l e c t s  e p r t h  r e source  d a t a ,  Unre l en t ing  problems 
may no t  show t h e i r  e x i s t e n c e  u n t i l  viewed from a d i s t a n c e .  
I n  P s i m i l a r  anplogy, t h e  p r o v e r b i a l  f o r e s t  can n o t  be seen 
f o r  t h e  t r ee s  due t o  proximi ty  of viewing. 
If  moni tor ing  urban p o p u l e t i o n s  becomes a r e a l i t y ,  c u r r e n t  
c i v i l i z a t i o n ' s  common a i l m e n t s  such  a s  h e a r t  d i s e a s e ,  cancer  
and s t r o k e  a f f e c t i n g  man i n  epidemic p r o p o r t i o n s  might have 
r e l e v a n t  f a c t s  uncovered, A d i s e a s e  i n  any p r o p o r t i o n  b r i n g s  
thousands of d e a t h s  and b i l l i o n s  of l o s t  man hours  of work t o  
p roduc t ive  i n d i v i d u a l s ,  For t h i s  reason a l o n e ,  c a u s a t i v e  
epidemic a g e n t s  and p reven t ion  c r e a t e  f e a s i b i l i t y  and monitor- 
i n g  s t u d i e s ,  
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A-1.7-2 Monitor ing S o c i a l  S t r e s s e s  
l ead  t o  o t h e r  a r e a s  of socio-economic needs r e q u i r i n g  monitor-  
ing .  If s e t t l e m e n t  p a t t e r n s ,  expansion r a t e s  of communities, 
and t h e  l a y o u t  06 t r a n s p o r t a t i o n  f a c i l i t i e s  a r e  a e r i a l l y  
viewed, t hen  d a t a  c o l l e c t e d  could  s e n s e  d i f f e r e n c e s  i n  
c u l t u r a l  c h a r a c t e r i s t i c s  o r  community p a t t e r n s  i n  v a r i e d  
world p o p u l a t i o n s .  Simply, new i d e n t i t y  i s  g iven  t o  s o c i a l  
stresses o r  t e n s i o n s  of a p o p u l a t i o n ,  whether t h e  popu la t ion  
be ing  monitored i s  p l a n t  o r  human. A d d i t i o n a l  assessment  
of t h e  c u r r e n t  and con t inued  changing s t a t e  of a popu la t ion  
produces p o s s i b l e  c a u s a t i v e  a g e n t s  f o r  t h e  economic h e a l t h  
of t h e  community., Urban sprawl  b r i n g s  i n f i n i t e  stresses, 
some due t o  land  l i m i t a t i o n s .  Manhattan can no t  expand 
outward, o n l y  upward. Monitor ing s o c i a l  stresses f o r  a l eng th -  
l y  p e r i o d  of t i m e  v i a  s a t e l l i t e  may l e a d  t h e  rev iewer  t o  
e a r t h  space  f o r  t h e r a p e u t i c  and r e c r e a t i o n a l  o b j e c t i G e s ( 9 ) .  
Future  h o s p i t a l s  and v a c a t i o n  r e s o r t s  may be b u i l t  and p l aced  
i n  o r b i t  ( 1 9 ) .  
Human a c t i v i t i e s  of urban a r e a s  r e l a t e d  t o  s o c i a l  problems 
A-17-3 Space Program S p i n o f f s  
A c u r e  f o r  cance r  o r  a c u r e  f o r  an urban problem a r e  
e q u a l l y  remote r e a l i t i e s  by moni tor ing  popula ted  a r e a s  a s  
a r e  many of  t h e  spnce program s p i n o f f s .  The medical pro-  
f e s s i o n  f o r  example h a s  r e c e n t l y  b e n e f i t t e d  w i t h  such i t e m s  
a s  t echn iques  f o r  moni tor ing  h e a r t  r a t e ,  r a p i d  changes i n  
blood p r e s s u r e ,  methods of q u a n t i t a t i v e l y  s tudy ing  d i s e a s e d  
membranes i n  j o i n t s  of t h e  human body, and a low-cos t ,  swallow- 
a b l e ,  t empera tu re  s e n s i n g  t e l e m e t r y  c a p s u l e  ( 1 7 ) .  The p h y s i c a l -  
l y  handicapped have r e c e i v e d  such i t e m s  a s  an eye ope ra t ed  
whee lcha i r ,  and r e s p i r a t o r  helmet  ( 2 2 ) .  Biomedical a p p l i c a t i o n  
teams have  d i r e c t e d  t o  best  u s e  t h e  c o l l e c t e d  medical  bene- 
f i t s  from space  r e s e a r c h  (23 ,  24).  S p i n o f f s  of t h e  space  
program have been amply i d e n t i f i e d  a s  t h e  r e a l  p roduct  of 
NASA, n o t  j u s t  t h e  t r a i n i n g  of some 400,000 people  i n  new 
ays of do ing  t h i n g s  b u t  c r e a t i n g  t h e  technology i n  which 
( 6 ) .  Although a l a r g e  number of people  
ively f e w  new occupa t ions  a r e  s p e c i f i c a l l y  
r e l a t e d  t o  t h e  space  program and c l e a r l y  o r  o f f i c i a l l y  i d e n t -  
i f i e d  by  job  t i t l e  (15) .  
From non-s i c k  f r y i n g  pans t o  e l e c t r o n i c  h e a r t  p a c e r s  
s p i n o f f  r e s e a r c h  and r e s e a r c h  g r a n t s  hasle expanded technology 
and l e s s e n e d  s o c i a l  needs ,  P o r t a b l e  e l e c t r o n i c s  a r e  becom- 
i n g  more p o r t a b l e  t h u s  d e c r e a s i n g  t h e  need of be ing  a t i t l e d  
w e i g h t  l i f t e r  i n  t r a n s p o r t i n g  a t e l e v i s i o n  s e t  from a l i v i n g  
room t o  a boa t  sun deck,  A p p l i c a t i o n s  of t h i s  same technology 
r e d i r e c t e d  s l i g h t l y  may s o l v e  r e s s i n g  problems. Sena to r  
Gaylord Nelson d u r i n g  t h e  89 th  Congress r a i s e d  mute p o i n t s  
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i n  q u e s t i o n .  
c a l c u l a t e  a way t o  t r a n s m i t  p i c t u r e s  f o r  m i l l i o n s  of miles 
i n  s p a c e ,  a l s o  show us  a way t o  t r a n s m i t  enough s imple  inform- 
a t i o n  t o  keep t r a c k  of o u r  c r i m i n a l s ? "  (8)- This  i s  p o s s i b l e  
i f  t h e  c o l l e c t i o n  of s c i e n t i f i c  knowledge i s  a p p l i e d  w i t h  
t h e  same v i g o r  t o  ana lyze  and s o l v e  s o c i a l  problems a s  i t  
i s  a p p l i e d  t o  space  problems. Systems a n a l y s i s  technology 
from space  s c i e n c e  i s  a method f o r  s o l v i n g  s o c i a l  problems. 
I n  a symposium of systems a n a l y s i s  Hoos (12) c o n s i d e r s  every  
major problem f a c i n g  urban s o c i e t y  i s  mul t i f aced  i n  n a t u r e ,  
Understanding c a l l s  f o r  knowledge c o l l e c t e d  on many f r a n t s ,  
a m u l t i d i s c i p l i n e d  approach i n v o l v i n g  economic, p o l i t i c a l ,  
i t y  of t e c h n o l o g i c a l  change and b e n e f i t s  comes i f  o u r  c u l t u r e  
i s  mora l ly  immature i n  p l o t t i n g  f reeways  o r  even developing  
p u b l i c  i n fo rma t ion  systems f o r  example ( 7 ) ,  
"Why can n o t  h i g h l y  t r a i n e d  manpower which can 
1 r a k i o n p l i t y  and s y n t h e s i s .  A warning i n  t h e  r ap id -  
Research and development by NASA programs o r  s u b s i d i a r y  
programs have caused major impacts  upon a v i a t i o n  and aero-. 
n a u t i c s ,  upon s c i e n c e ,  upon new m a t e r i a l s  technology and a l l o y s ,  
economic impac t s ,  upon p u b l i c  h e a l t h ,  medicine and b i o l o g i c a l  
r e s e a r c h ,  and o c c u p a t i o n a l  c a t e g o r i e s  (15 ) .  M a t e r i a l s  and 
new equipment a l r e a d y  a v a i l a b l e  f o r  gene ra l  u s e  and i n  pro- 
. duc t ion  number i n  t h e  thousands,  A sampling of such items 
c r e a t i n g  b e n e f i t s  f o r  t h e  g e n e r a l  p u b l i c ,  t h u s  s a t i s f y i n g  
s o c i a l  needs ,  i n c l u d e  m i c r o e l e c t r o n i c  u n i t s  and magnetic t a p e  
r e c o r d e r s  ( I ) ,  v a l v e  technology ( 5 ) ,  s t r u c t u r a l  d e s i g n  i n  
b u i l d i n g s  (18), i n s u l a t i o n  m a t e r i a l s  (IO), a n a l y t i c a l  
c h e m i s t r y  i n s t r u m e n t a t i o n  (25),  m e t a l l u r g y  (2,13), i n o r g a n i c  
f i b e r s  (II), l u b r i c a t i o n  c o a t i n g s  (16 )  p r e c i p i t a h h n -  
hardening  t r e a t m e n t s  of s t a i n l e s s  s t e e l  ( 2 0 ) ,  e t c .  I n  o r d e r  
t o  bes t  u t i l i z e  t h e  v a s t  s t o r e h o u s e  c o n s i s t i n g  of thousands  
of i n n o v a t i o n s ,  a NASA Technology U t i l i z a t i o n  Program exis t s  
t o  encourage u s e  of r e s u l t s ,  i n i t i a t e  an investment  r e t u r n  
OE ae rospace  r e s e a r c h , , d e c r e a s e  t i m e  and convey d i s c o v e r y  
of new knowledge f o r  u s e  i n  s o c i e t y  a c r o s s  d i s c i p l i n a r y  and 
r e g i o n a l  boundar i e s .  Such i n f o r m a t i o n  exis ts  a s  t e c h  b r i e f s ,  
technology s u r v e y s ,  handbooks, r e p o r t s ,  con fe rence  proceedings ,  
s p e c i a l  s t u d i e s ,  s e l e c t e d  b i b l i o g r a p h i e s ,  t e c h n i c a l  n o t e s ,  
t e c h n i q u e s ,  m p t e r i a l s ,  2nd equipment y i e l d  new s o l u t i o n s  t o  
o l d  problems and novel  s o l u t i o n s  t o  unusual  problems. An 
impor tan t  communication l i n k  o r  two way s h u t t l e  of R & D 
in fo rma t ion  e x i s t s  between NASA and NASA i n d u s t r i a l  s u b s i d i a r i e s  
w i t h  u n i v e r s i t i e s  (21), F u r t h e r  needs  a r e  i d e n t i f i e d  a s  
t h e  o l d  needs  a r e  s a t i s f i e d ,  a neve r  ending c y c l e  f e d  by 
r e s e a r c h  and development,  NASA p r o v i d e s  a s t i m u l u s  through 
space r e s e a r c h  programs t o  t h e  development of  numerous s c i e n -  
t i f i c  d i s c i p l i n e s  ( 3 )  e 
a t i o n s  and s p e c i r l  p u b l i c a t i o n s ,  New concep t s ,  d e s i g n s ,  
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A-17,4 Space Program Methodology and S o c i e t y  
b g 
There ex i s t s  a f e a s i b i l i t y  of apply ing  space  c a p a b i l i t y  
t o  problems of t h e  community, Kuhlman sees a t  a l l  l e v e l s  
of development p o t e n t i a l  i n t e r a c t i o n s  and r e l a t i o n s h i p s  of 
socio-economic and space  d i s c i p l i n e s  ( 1 4 ) ,  Techniques 
l ea rned  i n  aerospace  management and systems a n a l y s i s  e m -  
b r a c e s  t h e  t h e o r i e s  f o r  making a problem under s t andab le .  
Methodology of aerospace  management technology o f f e r s  some 
p o s s i b l e  avenues of s o l u t i o n  and e s t a b l i s h e s  a d d i t i o n a l  
c r i t e r i a  f o r  s e l e c t i o n  of t h e  bes t  a l t e r n a t i v e  t o  s a t i s f y  
socio-economic probaems (4), A ground t r u t h  i s  a c t i v e l y  
apparent  today i n  soc io logy  and economics, d i s t a n t  a e r i a l  
viewing may broaden o r  change t h a t  t r u t h ,  Often c i t e d  
George Bernard Shaw i d e n t i f i e s  a r easonab le  man a s  one who 
a d a p t s  t o  t h e  world,  b u t  the  unreasonable  one p e r s i s t s  i n  
t r y i n g  t o  adapt  t h e  world t o  h i m s e l f .  The unreasonable  man 
e s t a b l i s h e s  p r o g r e s s .  
A-17.5 References :  See Appendix B-17 
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